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AND 


HE two viruses known as 2060 and JH were recovered in monkey kidney 
cell tissue cultures from persons having acute afebrile coryzal respiratory 
ilInesses..) 2 This association with clinical illness suggested that they might 
he etiologieally related to the common cold. Indeed, a study by Price® showed 
that children were protected from the common cold by immunization with JH 
vaccine. On the other hand, the causative role of these 


viruses in clinical 
respiratory illness cannot be 


considered certain, and the postulates for path- 
ogenicity which require viruses to satisfy the classical criteria of Koch for the 
dentifieation of pathogenie bacteria’ have not been entirely fulfilled 


by 
published data. 


Studies in volunteers were undertaken to elicit the infectivity of tissue 
culture harvests of these viruses and the clinical illness and the serologic response 
to a speeifie challenge. The interrelationship between the two agents as well 
s their relationship to infeetious nasal secretions colleeted from donors with 
natural eommon cold was examined, 


MATERIALS AND METHODS 


Voluntecrs.—The subjects were young adult students in the colleges of nursing, 


ne, and dentistry. Nearly all of them were 21 to 25 years of age and the extremes were 


medi 
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18 and 36 years of age. The selection and observation of the volunteers, the method of ehal- 
lenge, and the criteria of an experimental cold have been deseribed in detail in another 
report.6 The occurrence and severity of sneezing, sore throat, nasal discharge, nasal obstrue 
tion, cough, chilliness, headache, and malaise were recorded for each 24 hour period before, 
and for 6 days after, the experimental challenge. The decision as to whether or not a volunteer 
developed a cold after the challenge was based upon the total symptom score, the duration 


and severity of nasal discharge, and the subject’s statement as to whether he had a cold. 


Viruses.—The fifth or sixth subpassages of the 2060 virus, and the thirteenth or 
fourteenth passage of JH virus* in monkey kidney cell tissue cultures were used. Prior to 


the challenge of volunteers, the tissue culture harvests were shown to be nonpathogenie for 
rabbits, mice, suckling mice, and embryonated eggs after several different routes of inocula 
tion, Neither did thes have a eytopathogenie effect upon HeLa cells in tissue culture. The 
titer of the 2060 virus was approximately 10% and that of the JH virus approximately 
10 fifty per cent infectious doses for monkey kidney cells in tissue culture. 

For the experimental challenge a harvest of infeeted tissue culture fluid was diluted 
1:2, 1:10, or 1:100 with sterile Hanks’ solution, and 0.2 ml. was instilled into each nostril 
of the volunteers. Control subjeets received either a buffered salt solution or tissue cultur 
Huid harvested from uninoculated monkey kidney cell cultures. Other volunteers were chal 
lenged with diluted nasal secretions obtained from donors who had a characteristic common 
cold.6 These were shown to be free from known respiratory viruses by inoculation of tissu 
cultures, embryonated eggs, and appropriate animals, 

Virus Reisolation. Recovery of the virus from volunteers after challenge was mad 
from swab specimens obtained from the nares. The specimens were suspended in Hanks’ 
salt solution and inoculated onto monolayers of primary monkey kidney cells in tubes. The 
inoculated tissue cultures were incubated at 37° C. in a roller drum. From each original 
sample 0.25 ml. was inoculated into each of 4 to 8 tubes, and all of the specimens wer 
passed serially at least 3 times. All studies were done under blind code and included speci 
mens from control subjeets. The viruses recovered were neutralized by anti-JH rabbit serum, 
One of the reisolated viruses was used to challenge new volunteers. 

Neutralization Tests—The titers of neutralizing antibody against the initial andr 
isolated viruses ir 


the prechallenge- and convalescent sera of volunteers were made in primary 
and secondary monkey kidney cell cultures. Second generation cultures were used in most 
experiments because of the enhanced degree of cytopathogenic effects. The medium used 
was either Mixture 199 or 1% Eagle’s and %4 Mixture 199. The pH was maintained betweer 
7.0 and 7.2 throughout all phases of the determination. In some tests the cells were chille 
at 4° C. for 1 hour and then rewarmed to room temperature before inoculation. Paired 
acute and convalescent sera were always tested simultaneously under a code which did not 
indicate which of the 2 viruses was given or whether the subject received only a buffere 
salt solution. One hundred to 1,000 TCID,, of virus was added to equal volumes of dilute 
sera, previously inactivated at 56° C. for 30 minutes, After holding at 4° C. in one labora 
tory and at 37° C. in the other for 30 minutes, 2 to 4 monkey kidney eultures were inoe 
lated with 0.1 ml. of each dilution of virus-serum mixture. Simultaneous virus infectivit 
and serum controls were used. The inoculated cells and control cultures were examined micr 
scopically at 1 to 3 day intervals for 7 to 10 days. End points were caleulated from 1 
results obtained at the time of appearance of definite cytopathogenie effects in conti 
cultures inoculated with virus. Titers of neutralizing antibodies were expressed as 1 
reciprocal of the initial dilution of the serum that effected definite inhibition of eytopat! 


genicity which was usually maintained for 48 hours. 


RESULTS 
The cumulative results of 9 separate experiments are given in Table ! 


Ninety volunteers were challenged with 2060 virus and 56 simultaneous contr 








*Obtained from Dr. Winston Price. 
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TABLE I. NUMBER OF COLDS DEVELOPING IN SUBJECTS EXPERIMENTALLY INFECTED WitH 2060 
AND JHE Viruses 


EXPERIMENTAL RESULT SIGNIFICANCE OF THE 


INITIAL NO. PER CENT DIFFERENCE 
CHALLENGI VOLS. NO COLD COLD COLDS VIRUS VERSUS BUFFER ) 
2060 90 65 23 PR ax 

> nica - ‘ 0.02 
Buffer ob 1; y 16 ‘ 
] 69 ; 92 2) , 
JH if 1} Ba 34 0.03 
Buffer 10 30 g 2) 
2060 or JH 159 111 1S 30 7 

. a os a < 0.05 
Buffer 96 9 17 18 = 

*Four 14 * 10° monkey kidney tissue culture ID 


subjects were given uninfected tissue culture fluid or buffered salt solution. 
Sixty-nine persons received JH virus and 40 others, serving as controls, re- 
ceived buffer solution in these experiments. The inoeulum of JH virus con- 
tained 4,000 to 14,000 fifty per cent monkey kidney tissue culture infectious 
doses of virus. Twenty-five, or 28 per cent, of the 90 volunteers challenged 
with 2060 developed an experimental cold. Although this was a greater pro- 
portion than the 16 per cent of control subjects who developed a cold, the 
difference was not statistically significant. 

Among the 69 volunteers challenged with JH virus, 25, or 34 per cent, 
developed an experimental cold. Among the 40 simultaneous control subjects 
s, or 20 per cent, had a cold. This difference in colds is not statistically sig- 
nificant, 

If the results with the 2 viruses are added, 30 per cent of 159 challenged 
olunteers developed an experimental cold, as compared to 18 per cent of 96 
ontrol subjects. In these cumulative results the tissue culture harvests with 

irus were significantly more infectious than the control inoculums. 

The rank order of occurrence of 8 clinieal symptoms after challenge with 
‘060 or JH virus is shown in Fig. 1. The relative frequeney and severity of 
ich of the symptoms is demonstrated on the ordinate by the mean specific 
mptom seore. The illness that followed administration of either of the 
ruses was characterized mainly by coryzal upper respiratory symptoms. More 
an one half of the total symptom score was from nasal discharge and nasal 
struction; approximately one third was contributed by sneezing, sore throat, 
nd cough. Constitutional svmptoms were definitely of lesser severity. Al- 
ough JH virus tended to produce a slightly higher frequency of symptoms, 


‘clinical response to the 2 viruses was nearly identical. 


TABLE II. AcgurirED Cross IMMUNITY BETWEEN 2060 AND JH VIRUSES 


SIGNIFICANCE OF THE 


INITIAL CHALLENGE REC HALLENGE DIFFERENCE 
NO. % NO. % (INITIAL VERSUS 
AGENT VOLS. COLD AGENT VOLS. COLD RECHALLENGE ) 

2060 11 55 2060 11 g <0.05 

2060 14 99 JH 14 0 Not significant 

JH 15 +0) JH 15 7 < 0.05 

JH 15 10 2060 15 : < 0.05 

Either 55 38 Either 55 5 < 0.001 
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The incubation period after challenge until the onset of symptoms usually 
was less than 24 hours for either of the viruses, as shown in Fig. 2.) The peak 
of the frequeney and severity of symptoms oceurred 48 to 72 hours after 
challenge with JH virus, and 96 to 120 hours after 2060 virus. The symptoms 
subsided quickly after the zenith of illness was reached. The average total 
symptom seore of volunteers who were challenged with virus and did not 


develop a cold was no higher than the score for the control subjects. 
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Fig. 2 


Kitty-five volunteers who received 2060 or JH virus were rechalleng 
with the same or the other virus 4 weeks to 8 months after the initial challeng: 
The results are shown in Table If. Among 11 volunteers initially challeng: 
with 2060 and later rechallenged, 6, or 55 per cent, developed a cold in 1 
first experiment and only 1, or 9 per cent, after the second challenge with 206 
Among 14 volunteers who initially received 2060, which caused 3, or 22 p 
cent, colds, a later challenge with JH failed to produce any colds. Amor 
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~e 


0 volunteers to whom JH virus was given in the first of 2 experiments, 12, 
or 40 per cent, developed a cold from the first challenge. Recehallenge of 15 of 
them produced only 1 cold, or 7 per cent. Challenge of the other 15 volunteers 
with 2060 likewise produced only 1 cold. Thus, only 3, or 5 per eent, of 55 
subjects developed colds from the second challenge with 1 of the 2. viruses, 
whereas 38 per cent of the same subjects had a cold after the initial challenge. 
These differences are highly significant. They show both acquired immunity 
and effective cross immunity between the 2 agents. 

In contrast to the evidence for effective cross immunity between 2060 and 
JIL viruses acquired from previous challenge with one of the agents, a previous 
challenge with infectious nasal secretions from donors with a natural common 
cold conferred no immunity to 2060 or JIL (Table I11). This would suegest 
that the infectious agents of natural common colds previously studied® * are 
other than 2060 or JH viruses. 

In 1 experiment, recovery of virus from nasal seeretions of 17 volunteers 
was attempted prior to challenge, and on Days 2, 4, and 6 after administration 
of JH virus. The results are given in Tables IV. V, and VI and Fie. 3. The 
virus was recovered from the challenge inoculum on the day of the experiment 
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Fig 


d after 2 days of in vitro incubation at 37° C., but not on Days 4 and 6. 
‘shown in Table IV, no virus was recovered from prechallenge nasal seere- 
us. JH virus was reisolated from 36 per cent of 47 specimens collected from 
unteers within 6 days after the challenge. This ineluded 24 per cent on 

2, 53 per cent on Day 4, and 33 per cent on Day 6. Positive isolates 
re obtained from all of 5 specimens taken from the 2 subjects who developed 
experimental cold and from 29 per cent of the 42 specimens from 15 volun- 
rs who received the virus, but did not develop symptoms of a cold (Table 


The relationship ot the isolation of virus and the presence ot elinieal 
iptoms among these subjects is shown in Fig. 3. Detectable virus in the 
retions lagged behind the symptoms and was most prevalent 4 days after 


llenge at a time when the symptoms were declining. 
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TABLE III. Lack or Cross IMMUNITY BETWEEN 2060 on JH Virus AND 


OTHER 
INFECTIOUS NASAL SECRETIONS 
NO. “ 
RECHALLENGE PREVIOUS CHALLENGE OBSERVED COLDS 
2060 No previous challenge 72 25 
Infectious nasal secretion IS 39 
2060 or JTL virus 6 g 
JH No previous challenge 19 35 
Infeetious nasal secretion 21 33 
2060 or JH virus 29 
TABLE LV. Recovery or JIL Virus From VoLuNTEERS IN RELATION TO ILLNESS 


VIRUS ISOLATES 


EXPERIMENTAI PRE- DAY SPECIMENS TAKEN 
RESULT CHALLENGI 2 i 6 NO. '% POSITIVE 

Cold 0/2 2/2 l/l 2/2 D 100 

No cold 0/15 2/15 7/14 3/13 $2 29 

“> virus isolates 0 24 53 33 17 36 
*Numerator denotes the number of positive isolates; denominator denotes the number 

of subjects whose specimens were examined 


Proliferation of virus in both symptomatic and nonsymptomatie volunteers 


was evident. (Table V.) Virus was present in the secretions of 3 asymp 


tomatie subjects on Day 4 only; 3 others had virus isolates on 2 of the 3 days 


on which specimens were taken. Virus was consistently present on Days 2, 4, 


and 6 in the secretions of 3 other volunteers: 2 of these developed a clinical 


cold and 1 did not. The virus isolated on Day 2 from the latter person without 
symptoms was harvested and shown to be neutralized by anti-J H rabbit serum 


The second tissue culture passage of this isolate was then used to challenge 


(} new volunteers, and produced experimental colds in 2 of them. 


TABLE V. PERSISTENCE OF JH Virus IN NASAL SECRETION FROM VOLUNTEERS 
DAY AFTER CHALLENGE VOLUNTEERS VOLUNTEERS FROM WHOM VOLUNTEERS 
ON WHICH STUDIED VIRUS WAS REISOLATED (NO. WITH VIRUS 

VIRUS WAS RECOVERED ( NO.) COLD NO COLD (%) 

y 2 17 0 0 0 

} 15 0 3 20 

6 15 0 0 0 

2 and 4 15 0 1 7 

ft and 6 13 0 2 15 

2, 4, and 6 13 2 1 23 

Any day 17 2 7 a: 


TABLE VI. Recovery or JH Virus FRoM VOLUNTEERS IN RELATION TO PRIOR CHALLEN( 


VOLUNTEER STATUS NUMBER OF VOLUNTEERS NUMBER OF SPECIMENS 
PRIOR 

CHALLENGI RESULT OF VIRUS ISO- VIRUS ISO 

WITH 2060 PRIOR LATED/TOTAL LATED/TOTAI 

oR JH VIRUS CHALLENGE OBSERVED % POSITIVE OBSERVED (% POSITIVI 
Yes Cold 0/4 0 0/10 0 
Yes No Cold 4/6 67 6/18 33 
No 5/7 72 11/19 59 
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That the reeovery of virus was influenced by prior exposure to JIL or 2060 
virus is shown in Table VI.) Examination of 10 specimens from 4 persons who 
had previously developed an experimental cold from 1 of these agents vielded 
no virus isolates. Among volunteers who had been challenged previously with 
2060 or JEL but who did not develop a cold as a result of that challenge, 14 of 
IS specimens contained virus, and 7. of the subjeets had at least 1 positive 
isolate. Among persons who had no previous experimental exposure to 2060 
or JE virus, 59 per cent of 19 specimens and 72 per cent of subjeets vielded 
JH virus during the experiment. All of the reisolated viruses were neutralized 
by anti-JEL rabbit serum. 

As shown in Table VIE, all subjects from whom virus was obtained and on 
whom paired specimens of serum were available had a fourfold or greater rise in 
serum neutralizing antibody titer for the speeifie reisolated virus. The con- 
valeseent serum specimens were collected approximately 3 > weeks after the 
challenge. The initial titer in the subjeets who developed a cold was 1:4 and 
1:8; the initial titer in the others ranged from < 1:2 to 1:64. In the conva- 
lescent serum all but one subject had a titer @reater than 1:8. Cross neutraliza- 
tion of heterologous and stock JE virus was of lesser degree than with 


| omologous \ ius. 


The results of neutralization tests performed with no knowledge of the 
derivation of 91 paired specimens of sera obtained before challenge and 3 weeks 
ater are shown in Table VIII. Amone subjeets who were challenged with 
either of the viruses, & of 44 or IS per cent showed a fourfold or greater rise 

antibody titer to 2060 virus. None of I8 pairs of sera from subjeets who 
ere challenged with buffer solution showed a rise in anti-2060 titer. Tests 
rv neutralizing antibody against JH virus were run on 68 pairs of sera from 
unteers challenged with either of the 2 viruses; 17, or 25 per eent, showed 
fourfold or greater rise in anti-JEHL titer. Again, none of 19 pairs of sera 
lleeted from subjects who received buffer solution showed a fourfold rise 
titer against this virus. A fourfold rise in neutralizing antibody against 
th viruses oeeurred in 5 of 41 pairs of sera or 12 per cent of volunteers who 


‘ceived one or the other of the viruses. 


ABLE VII. THe ANTIBODY RESPONSE OF VOLUNTEERS TO THEIR OWN VIRUSES WHICH 
WERE REISOLATED AFTER CHALLENGI 


NO, OF TIMES NEUTRALIZING ANTIBODY TITER 
CLINICAL VIRUS WAS REISOLATED CONVALESCENT 
UBJECT COLD NO. OF SPECIMENS TESTED ACUTE SERUM SERUM 
ido Yes 3/3 1:4 1:16 
M.lo Yes 2/2 1:8 1:128 
Br No 3/3 1:16 1:64 
Rog No 2/3 Not Done Not Done 
Co No 2/3 1:4 1:16 
No No 2/s 1:64 1:256 
Rod No 1/3 “hic 1:8 
Gi No 1/3 1:16 1:64 
Ow No 1/3 1:32 1:128 
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A rise in antibody oceurred only slightly more frequently in subjects who 
developed a cold after challenge (5 of 16) than in those who did not (15 of 55). 
There was no significant difference in the initial antibody titer against 2060 
ov JH in volunteers who developed symptoms after challenge and those who 
did not. Volunteers in the buffer control group who developed a cold had no 


significant rise in antibody for these 2 viruses. 


DISCUSSION 


Because the symptoms of a common eold can be produced by many differ 
ent viruses, it is important to determine whether a virus isolated from a patient 
with symptoms of the common eold will produce colds consistently in human 
subjeets. The elinieal results obtained when we challenged volunteers with 
2060 or JH virus did not answer this question conclusively, although they 
suggest that these viruses did cause the syndrome of the common eold.  Al- 
though 380 per cent of the subjeets developed a cold according to the criteria 
previously developed” in experiments on volunteers, 18 per eent of the subjects 
who concomitantly were given buffer solution as a control developed colds 
according to the same criteria. Sinee the subjects were not isolated, it is 
assumed that the respiratory infections that occurred in the control subjeets 
resulted from contact with persons in the environment who were harboring 
one of the viruses that produce common colds. When the resuits of a large 
number of our previous experiments were added, we found that 10 per cent 
iY subjects challenged with a buffer solution had symptoms of a common eold, 
but that this percentage varied in the different wecks of individual experiments. 
Because of the relatively high proportion of control subjects with colds observed 
n the experiments represented in this paper, a significantly greater number of 
‘olds among the subjeets challenged with inicetious solution can be demonstrated 
nly by observation of a larger number of subjects. Nevertheless, the tissue eul- 

ire harvests of 2060 and JTL viruses have a relatively low elinical infeetivity. 
‘vrrell and Bynoee® observed only 6 colds among 5S volunteers who were 
allenged with JIL virus. 

In the present series of experiments other criteria were used to determine 
ether the viruses proliferated and eaused colds in the subjeets who reeeived 
em. In a previous publication’ it was reported that 42 per cent of subjects 
o were challenged with an infectious nasal secretion for the first time de- 
oped a cold, as compared with 9 per cent ot subjects who developed colds 
ong those who were rechallenged with the same seeretion after 3 to 45 weeks. 

the basis of related data that showed neutralizing antibodies in the gamma 
bulin fraetion of serum® this was interpreted to mean that humoral immunity 
d developed against a virus contained in the infectious secretion. The same 
enomenon 1s reported in the present article, Among subjects who received 
‘60 or JIL virus, 38 per cent developed colds after the initial challenge with 
her of these viruses, whereas only 5 per cent developed colds after a second 
illenge with either the same or the other virus. 

Reisolation of the virus several days after challenge is another method of 
nonstrating infection and in vivo proliferation of virus. We succeeded in 
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reisolating JH virus in a high proportion of the subjects tested. JEL virus was 
isolated on all attempts on Days, 2, 4, and 6 from the 2 subjects tested who de 
veloped symptoms of a cold; also, positive isolations were obtained from 29 per 
cent of specimens and from 47 per cent of subjects who did not have symptoms 
of a eold. 

Tyrrell and Bynoe® recovered JH virus on the first to the fourth day after 
inoculation from 4 of 6 subjeets who developed clinical colds and from 7 of 52 
who did not develop clinical colds. Both they and we were able to transmit 
colds serially by using tissue culture isolates from volunteers challenged in 1 
experiment to infeet volunteers in a subsequent experiment. 

As demonstrated by the intranasal proliferation of virus, the absence of 
clinical symptoms was not a perfeet index of immunity to infection. It was 
possible to define immunity by the failure to recover virus from volunteers after 
challenge. Effective immunity of this type was demonstrated among volunteers 
who developed a eold from a previous challenge with 1 of the viruses. Prior 
challenge with 2060 or JH virus without a symptomatie illness was a less effec 
tive immunizing mechanism, but among such subjects the number of virus 
isolates was decreased after a second challenge as compared with subjeets who 
had not been given the viruses previously. 

Serologic evidence of infection as determined by the neutralization test 
also was observed. Subjects trom whom JH virus was reisolated showed a 
significant rise in serum antibody for the recovered virus, which is confirmatory 
evidence for the occurrence of a definite infection in these volunteers, Amone 
a larger group of volunteers challenged with either 2060 or JEL, 1S per cent 
showed a rise in the serum neutralizing antibody titer to 2060 and 25 per cent 
to JH, whereas none of the volunteers who were given buffer solution showed a 
rise in titer against either virus. In our series, 29 per cent of 38 pairs of sera 
showed a rise in neutralizing antibody titer against JH after challenge with 
that virus. 

The replicate determination of neutralizing antibody in paired sera, tested 
against stock virus and different batches and generations of monkey kidney 
cells, showed that the observed antibody titer was affected by these variables 
as well as by the dose of virus used in the tests, the characteristics of thi 
maintenance media, and whether the eultures were stationary or rolled. It is 
clear from these observations that further work is required to standardize the 


technique and interpretation of tests for antibody against these viruses. 


SUMMARY 





AND CONCLUSIONS 


One hundred and fiftv-nine volunteers were challenged with either 206 
or JH viruses which had been propagated in monkey kidney tissue cultures 
Ninety-six other volunteers served as controls and were ehallenged with unin 
feeted tissue culture fluid harvest or a buffered saline solution. Observation 
were made regarding the occurrence of symptoms, recovery of virus, immunit 
to rechallenge with the same or other agent, and the titer and inerease 0 


neutralizing antibody in the serum. 
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Viruses 2060 and JH appear to be closely related. They produce similar 
symptoms, and, more important, immunity to one virus was demonstrated after 
previous challenge with the other. Immunity was shown by both decreased 
illness and a decrease in the proliferation of virus after rechallenge. The natural 
common colds observed were serologically unrelated to 2060 or JH virus. Also, 
subjeets who had been previously challenged with an infeetious filtered nasal 
seeretion from a donor with a natural common cold did not develop immunity 
to challenge with 2060 or JIT, 


Although infections are more likely to be subelinical than to produce symp- 
toms, it appears that viruses 2060 and JIL should be aeeepted as infectious 
agents which can cause the common cold, since (1 they were isolated from 
persons with a respiratory infeetion, (2) they produce illness elinieally ehar- 
acteristic of the common cold in an appreciable percentage of volunteers, (3) 
rises in the titer of neutralizing antibody have been demonstrated in the sera of 
subjects challenged with these viruses, (4) immunity has been demonstrated 
upon rechallenge with the same agents, (5) the virus has been reisolated from 
nasal seeretions of volunteers up to 6 days after inoculation, and (6) the re- 


isolated virus was infectious in new volunteers. 


The following persons coutributed valuable assistance in the studies we have reported: 
Truman O, Anderson, Ph.D., Marika H. Arthur, Gloria Cooper, Barbara Holmes, Louise 


Jensen, William Pelon, Ph.D., Jack Saporta, Elizabeth Sullivan, and Marvin Turek. 
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RHEOPLETHYSMOGRAPHIC STUDIES OF DIGITAL VENOUS TONE 
AND VENOUS ACTIVITY 
(i. Kk. Burcu, M.D. 
NEW ORLEANS, LA. 


REVIOUS rheoplethysmographie (RPG) studies’ showed the digital veins 

to be aetive and the rheoplethysmographie method to be a means of studying 
aspects of the behavior of the venous side of the digital circulation of intact 
man. The present investigations are concerned with further studies of digital 
veins and the vasoeonstriction (including venoconstriction) associated with ob 
struction to venous outflow and an inerease in digital venous pressure. Data 
are also presented in support of the hypothesis that pre- and posteapillary 
vascular segments in the digit function in a manner resembling afferent: and 
efferent arteriolar behavior of the glomerulus of the kidney. Apparently, the 
arteriolar or preeapillary components of the cireulation and the venous and 
venular or posteapillary components may constrict or dilate independently or 
simultaneously to equal or unequal amounts. This vaseular function probably 
varies intracapillary hydrostatic pressure, rate of blood flow, and volume. of 
different portions of the digital vaseular bed, with loeal changes in the rates ot 
filtration of plasmal substances into the tissues and absorption of water and 


other substances from the intercellular spaces. 


METHODS AND MATERIALS 


The experiments were conducted in essentially the same manner previously deseribe: 
for other studies.! The normal subjeets varied from 24 to 32 years of age and t 
abnormal subjects from 43 to 65 years of age. The index and third right finger tips wer 
studied at heart level with the subjects resting in bed in an air-conditioned room (78° | 
and 56 per cent relative humidity). For convenience, the details of each experiment a 


presented separately, 


Digital Vase ula? Response to Obstruction to Venous Outflow and Tnerease n Diaite 


Venous Pressure. 








Definition of venous tone: Venous tone is considered to represent the actively produc 
tension of the smooth musele of the wall of the veins. This tension is considered to be tl 
result of active metabolie processes within the musele fibers associated with their resistan 
to distension by inereased intravenous pressure, By this definition, venous tone does 

represent passive resistance to distension by the smooth muscle, as would be offered by de: 
or nonliving material such as fibrous or elastie connective tissue or dead smooth mus 
According to the above definition, venous tone is high when the wall of a vein resists 


distending foree caused by high intravenous pressure by active tension. A) vein could 
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instance, This capacity to vary tension, in spite of fiber length, in order to actively support 





RHEOPLETHYSMOGRAPH STUDIES OF DIGITAL VENOUS TONE 343 


arge or small diameter and the smooth muscle tone eould be high or low in either 


through life processes high or low intravascular pressure when the vessels are engorged 


vith blood or when nearly empty ot blood, is one of the interesting physiologic attributes 


{ 


‘il 


the smooth muscle of the blood vessels. 

The tone of the smooth musele of a blood vessel is higl when the fibers through metabolic 
life processes ** pull’? tight around the blood column within the vessel, and tone is low 
‘nothe pull or tension of the fibers is low. Thus, ** vasotightening’’ and ‘‘ vasoloosening *’ 

oceur with or without a change in luminal diameter. Tension, in this sense, differs 


Ineuning from vasoconstriction or **vasonarrowing’’ and vasodilatation or ‘‘vasowidening. 


vasoconstricted and vasodilated states Has be associated with high or low tone of the 


smooth muscle, depending upon the degree of tension or pull which exists in the fibers in 


stance to the foree which tends to distend the vessels, 


“ 


In view of the above concept of smooth muscle tone, if an experiment 1s designed 


h shows that the lumina ( te lume in the presence of an inerensed 


f digital veins decrease 


vital intravenous pressure, it must be concluded that the fibers of the smooth muscle within 


digital veins shortened as a result of active plhysiolog c phenomena and the smooth 


iscle tone increased. If this narrowed luminal state of the veins was maintained at a 


e oor less fixed level for a period of time, this would be in further support of a state 
Increased venous tone and would distinguish increased venous tone from venoconstriction. 
experiment deseribed below will demonstrate this type of reaction. 


The crperiment: After sudden inflation of the digital colleeting cuff, blood is trapped 
he vessels of the digit enclosed in the plethysmographic cup and the volume of the finger 
s suddenly increased, With the colleeting euff still inflated, the digital volume. still 
reused, and the occluding pressure maintained, if the digit were to deerease in volume 


in amount varying from a little to more than 100° per eent of the volume of blood 


vinally trapped in the finger tip immediately after inflation of the collecting cuff, digital 


ular tone must have inereased. This was found to oecur (Fig. 1, and Table 1). With 
len release of the pressure within the collecting cuff, there was a sudden decrease in 


original level of the volume base line (Fig. 1). This sudden after drop, primarily an 


ime of the digit, whieh usually resulted in an overshcot of the volume traee beyond 


lact,# was usually followed by a gradual return of the volume trace to the original 
gital volume base line. This entire response was Observed in this laboratory over 20 years 
as well as ly other Investivators,# 7 The experiment was repeated at several levels 


collecting pressure and many times for the same subject (Table 1 

Curves of time courses of digital inflow (ly and Ty) and outflow (Oy and O,) for the 

pulse cyele immediately after inflation of the collecting cuff, and for the third pulse 
e immediately after the after drop are shown in Fig. 2, @ and b. There was a decrease 
the volumes and rates of digital inflow and outflow following the after-drop. In other 
eriments the magnitude of decrease was variable but never large. 

That digital venous tone increased after obstruction to venous return is supported by 


Ollowing data Figs. 1 and with sudden inflation of the colleeting cuff, digital 


us flow was interrupted and inflowing blood was trapped within the digital vessels, as 


ated by the increase in total volume of the digit in the RPG. The digital vascular 
s were distended and the intraluminal pressure was increased. The A-V pressure gradient 
lually decreased as the pressure in the veins distal to the collecting cuff rose, until the 
us pressure exceeded the pressure in the collecting cuff, whereupon outflow developed and 
lually increased until it equaled inflow. When this occurred the curve of total digital 
ww volume of the RPG became essentially horizontal. When the pressure in the collecting 
Was maintained for several minutes, the volume of the digit distal to the collecting euff 
reased. At times, the total decrease in volume exeeeded the increase in volume which 
irred immediately after inflation of the collecting cuff (Table I). It is generally believed, 
apparently, correctly so, that the inflowing blood collected distal to the collecting cuff 


imulated in large part within the veins and venules of the digit. Therefore, it would 
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also be expected that, if the volume of the engorged finger decreased in an amount equal to, 


or nearly equal to, the original volume of engorgement, part of the decrease in volume must 


have oceurred in the digital veins. Furthermore, whenever venous volume decreased, regara- 


less of how intinitesimal the decrease, while the collecting cuff was inflated, the smooth 
muscle in the walls of the veins contracted and the tension developed, exceeding that which 
existed previously, that is, venoconstriction occurred, — Fig. indicates that the preecapillary 
vessels alone could not account for the total decrease in digital volume, because these vessels 


could not have constricted very much, as indicated by the relatively small decrease in’ the 


rate of digital inflow measured immediately after release of the collecting cuff. It is also 


unlikely that decrease in volume of the capillaries alone could aecount for the magnitude of 


volume change observed in some experiments. Therefore, the veins must have constricted 


and contributed to the decrease in digital volume. 


\t times, the decrease in volume of the finger tip which occurred while the collecting 


eulf was still inflated must have been stimulated in part by an ‘*orienting reflex’? induced 


rough the sense of touch by squeezing of the digit by the colleeting cuff.2) The decrease in 


volume was partly arteriolar and or arterial in origin since the volume and rate of inflow 


decreased and the volume of the pulse wave was reduced. However, vasoconstriction, alone, 
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Fig. 1 Digital vasoconstriction with venous obstruction (2RE) Time course of the 
tal digital volume for the right index finger tip (2REF) simplified from the original rheo- 
thysmorram The immediate increase in digital volume after inflation of the collecting cuff 
followed by a spontaneous decrease in finger volume while the collecting cuff was still 
Hated and digital venous pressure elevated The after-drop upon release of collecting cuff 


sure is shown 
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Fig. 2 The digital rheoplethysmogram (control 2RF) for the right index finger tip at 


time of inflation of the collecting cuff is shown in a (digital rheoplethysmogram 2RF) the 
trol record, and that for the third pulse eycle after deflation of the collecting cuff and 
ise of venous obstruction is shown in b The rates of inflow, Ir, and outflow, Or, and 
ime of inflow, Ivy. and outflow, Ov, were decreased after prolonged inflation of the collecting 

The Dr and Dy curves are curves of the differences between the rates and volumes of 
Ww and outflow, respectively The symbols employed in this illustration are used throughout 
report and in rheoplethysmography 
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produced by the orienting reflex, was not sufficient to account for the volume change noted 
and the volume change did not display the time course of the response to an orienting reflex 
The vasoconstrictor response to the orienting reflex is characterized by a rather sudden con 
striction of the digital vascular bed (beginning about 2.5 seconds after initiation of thi 
reflex) with a relatively rapid return of the vascular system to its original volume, The 
major digital vasoconstriction and inerease in smooth muscle tone in response to inflation of 
the collecting cuff developed slowly, were usually stepwise, were often of considerable magui 
tude, and lasted for many minutes if entirely released. The RPG = patterns of these two 
vasoconstrictor responses are quite different 

The increase in digital vascular tone in’ response to inflation of the collecting cuff is 
diffusely distributed among the vessels of the digit, and the magnitude of the respective 
vascular segmental contributions remains unknown. The reaction is not entirely passive 
The exaet location of the receptor nnd effeetor organs and the mechanism of the reactions 
are also unknown. 

There was a limit to the pressure whieh venous contraction would overcome,! althoug 
the volume of the vessels of the digit decreased to some extent against intravascular pres 
sures exceeding 100 mm. Hg (Table 1). The degree of musele tone or fiber tension developed 


ean be estimated from the level of pressure in the eollecting cuff. 
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Fig. 3 Time course of total digital volumes during inflation of the collecting cuff, show 
Ings Vasoconstriction, which most likely included venoconstriction, in response to the sound 
a bell (2RF) Graph was simplified from the original recording 


To show that the digital vascular bed can constriet against a pressure of 90 mm. Hg 
or more, a bell was rung while the collecting cuff was inflated and the digital vessels disten«e 
under increased pressure. The stimulus initiated by the sound resulted in digital vasoco 
striction (Fig. 3). No attempt was made to determine the portions of the digital vascul: 
bed involved, but previous studies showed that the response involved both the arterial ar 
venous sides of the circulation. This type of response is similar to that obtained by Capps 


after the skin was pinched. 


The after-drop, discussed in detail by Gaskell4 and Allwood,® is primarily an artifa 


Excessive signifieanee was placed upon it initially by Gaskell and Burton.? — However, 
probably does reflect, to some degree, an overshoot in volume of the digital vessels cause 


by increase in vascular tone, probably venous in large part, which becomes manifested in 1 
after drop associated with sudden release of venous obstruction hy sudden deflation of t 
collecting cuff. The slow return cf the digit to its original volume with refilling of 1 
digital vascular bed is probably, in part, an expression of the return of arterial and vens 
tone to that originally present prior to inflation of the collecting cuff. Were the refill 
of the digit after the overshoot merely passive and not a readjustment of vascular tone, 1 
vessels would refill to the previous resting volume more rapidly in view of the relative 

: : 


rapid rates of inflow recorded for the digit at the time of the after-drop (Fig. 2, @ and / 


Furthermore, blood was found to be flowing out of the digit while the volume curve, aft 
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e overshoot, was still rising (O, and O, of Fig. 2, 6). Such a high rate of digital outflow 


ould not likely occur if there were a need for passive refilling of the digital vessels. It is 
reasonable, however, to expeet the sudden emptying of some of the blood from the digit to 


distend the veins which were partially compressed by 


the collecting cuff to contribute in 


part to the after-drop. The studies of Gaskellt and Allwood support this explanation, but 


not elimonate all other possible contributing factors to the volume-time course eurve of the 
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Fig. 4.—The original normal (2RF) rheoplethysmogram (RPG) and the rate- and 
me-time course curves for a single pulse cycle, with the subject comfortably at rest in a 
itral environment This RPG is typical of a moderately relaxed digital vascular system 
lotted line in the original RPG shows the gradual decrease in the slope of the volume 
of inflow Consult the text for details 


Time Course of Diaital Volume Immediately After Inflation of the Collecting Cuff. _ 
ad been noted for some time that the configurations of the time course eurves of total 


+ 


al volume after sudden inflation of the collecting cuff were essentially of 4 major types: 
lL. The volume-time course curve associated with a moderately relared digital vascular 
m (Fig. 4): This type of curve is characterized by a fairly rapid inerease in volume 
the digit after sudden inflation of the collecting cuff, with an early and gradual deeline 


the rate of increase in digital volume as evidenced by the curve approaching the 
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horizontal asymptotically (dotted line in original record of Fig. 4). This type of curve was 
associated with a relaxed venous system, that Is, one ot moderate degree of venous distention 
and tone. The veins and other collecting vessels of the digit were able to accommodate 
fairly large volumes of blood before the A-V_ pressure gradient fell markedly. 


> The volume-time course curve associated with a areatly dilated diaital asculay SUS 





tem (Fig. 5): This volume-time course eurve is eharacterized | 


voa rapid rise after sudden 

inflation of the collecting cuff with rapid attainment of a horizontal course or plateau. This 

type of RPG was found for a subject exposed to a hot and humid atmosphere, The curve 

apparently developed because of several factors: 1) an almost maximally dilated digital 

vascular system engorged with blood prior to inflation of the collecting cuff caused by 
) 


dilatation from the heat and humidity, (2) a rapid rate of digital inflow so that maximal 


distention of the vascular bed with blood is reached within a small fraction of one pulse beat, 










Subj. No. 4 
T.109°F., RH. 43% 














~ 
; one § 
8 wWy,wo 
o = 
8 ol g 
o Pe} 
e 3RF © - a — | ~ | Dy@RF) 
E ont > sheanen Re rt 
3 olo : ey ray tay eT Di 
Vv 








cu.mm./5 cc. part/sec 


cu.mm./5cc. port 








0 Ol O2 03 04 O5 06 O7 O8 
Second © 













Fig The original normal digital RPG (2RF) and the rate- and volume-time courss 
curves for a single pulse cycle with marked digital vasodilatation produced by a hot an 
humid environment. The curve of volume inflow rose suddenly and reached a slope of esser 
tially zero within the interval of the first pulse cycle. 










3) a rapid decline of the A-V pressure gradient to its minimal level so that the rate 

digital inflow declines quickly, and (4) the pressure in the veins distal to the ecolleeting cu 
rapidly exceeding the pressure in the collecting cuff so that the large quantities of inflowi 
blood escape past the collecting cuff and do not remain in the digit to be measured. T! 


type of curve has been described in detail previously.2 
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When such volume eurves were encountered, the rate of basal pulsatile flow, ie., rate 
of flow at t, or onset of svstole.2 was high because of the dilated arterioles, small arteries, 
and A-V shunts (Fig. 5). The rate of basal flow is one of the most reliable indices of the 
‘vree of dilatation or constriction of the arterioles, arteries, and A-V shunts. <All aspects 
of the RPG must be integrated for proper interpretation of the trace in terms of the state 
of the peripheral blood vessels. 

3. The volume-time course curve of the constricted digital vascular system: This curve 


was of 2 types, depending upon whether or not there was an increase in digital volume during 



































the diastolic phase of the pulse evele. In both types of curves there was an inerease in 
volume during the systolic pliase ot the pulse evele, Both types of traces were associated 
vith a constricted vascular system. These curves showed relatively small increase in volume 
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Fig. 6.—The original normal digital RPG and the rate- and volume-time course curves 
ira single pulse cycle for Subject 5 in a neutral (@) and in a cool (b) environment. The 
nterrupted line in b, composed of short dashes, shows the constant increase in volume of the 
igit over a period of several pulse cycles for the subject in a cool environment. The other 
nterrupted line composed of long dashes is the artifact volume curve. From these 2 inter- 
upted lines it is evident that the digit increased in volume only during systole. 
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Fig. 7 The original normal digitai RPC Ceold environment 2ZRE) showing a constant 
mean rate of increase in digital volume over several pulse cycles with an increase during both 
the systolic and the diastolic phases of the pulse cyele 
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D. 
Second 
Fig. 8 The rate and volume curves for a single pulse cycle for the normal RP (cold 
environment 2REF) shown in Figs. 6, b and 7, respectively These curves show the absence of 


digital flow during the diastolic phase of the pulse cycle for the first group of curves (Subject 
») and the presence of flow during diastole for the second group (Subject 4) 
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Fig. 9 The original normal digital RPG of Subject 5 when extremely cold (2RE), showing 
no measurable digital blood floy 
after inflation of the collecting cuff (Figs. 6 and 7). Both volume curves rose at a relatively 
oustant rate for many pulse evcles before they began to show a decline in the rate of rise, 


a distinet difference from the curves associated with a relaxed or a markedly dilated digital 


vascular syvsten Migs. 4-7). One type of volume curve Type A) rose little, if at all, or 
even declined during the diastolie period of the pulse evele (Fig. 6, b), whereas the other 


Type By) rose continuously during the diastolic, as well as during the systolic, phase of the 


pulse “\ ‘le Fig. ‘ 


These 2 types of volume-time course curves require special comment. The eurves have 
een encountered only during periods of digital vasoconstriction and states of relatively high 
digital vascular tone. They were collected by making periodic RPG recordings while the ain 
nh the subject's room was slowly cooled. As vasoconstriction progressed, the 2 patterns shown 


? 


i Figs. 6, b and 7 gradually developed. These volume curves can also be produced by means 


{ 


of psveliie or sensory stimuli. 


The Type A volume curve shown in Fig. 6, b is characterized by low digital inflow 


vith essent ally no inflow during diastole. Inflow, therefore, oeeurred only during systole 
vVhen arterial pressure was highest. The high intravascular pressure during the systolic 


ase of each succeeding pulse eyele apparently distended the vaseular bed which retained 
ach news attained volume of blood, There was little or no further aeeumulation of blood 
n the digit during the diastolic phase of the pulse evele beeause of either (1) lack of flow 
into the digit during the diastolie period caused by the low arterial pressure, or (2) equality 


f the rates of inflow and outflow during diastole. However, the existence of inflow of blood 


luring diastole was occasionally established by inflation of the collecting cuff during the 
liastolic phase of the pulse evele. Digital inflow, though small, was present. Therefore, the 
bsence of recorded bleod flow during the diastolic phase of each succeeding pulse eyele fon 
the type of curve shown in Fig. 6, b is the result of a decline in the A-V pressure gradient 
after the first pulse beat, with rate of leakage past the collecting cuff during the diastolie 
phase of the pulse evele equal to the rate of inflow, so that there is no net change in digital 
volume. 

The arterial and arteriolar constriction produced hy the cold resulted in a low A-V 
pressure gradient during diastole and a ‘*tight’’ venous reservoir or ‘‘tight’’ collecting 
system. The constricted collecting vessels could not distend further to accommodate the 
small amount of inflowing blood when subjected to the relatively low pressure during diastole. 


The pressure in 


the veins, therefore, rose rapidly to exceed that in the collecting cuff so that 
he rate of leakage past the collecting cuff equalled the rate of inflow. 

The experiments apparently justify the following conclusions: with cooling of the 
subject, vasoconstriction of the entire digital vascular system developed, the rate of digital 
inflow deereased, and, although venous constriction was associated with an increase in venous 


tone, the pressure and foree during the systolic phase of the pulse cycle were sufficiently high 
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to stretch the digital vascular collecting system with a resultant net gain in volume of the 

digit. Onee stretched with blood, the vessels of the digit retained the increased volume of 

blood but accumulated little or no further blood during diastole. This process repeated itself 

quantitatively with each successive pulse beat for a relatively long period of time to produce 
uniform rate of increase in digital volume. 

The Type B volume curve probably develops for the same reasons as those discussed 
for Type A, with the exception that, for the former type, the forces in the vessels during 
diastole were sufficiently great to distend the collecting vessels, including the digital veins. 
Thus the collecting vessels were able to accommodate the intlowing blood with little or no 
leakage past the collecting cuff or with the rate of leakage less than the rate of inflow. It 
would appear, therefore, that venous tone, high for both types of curves, was less when the 


Type B oecurves were obtained than when Type A curves were obtained. The Ry and Rey 


families of eurves Fig. S, a and b Indicate greater arterial and artericlar constrictor 
response to the coo] atmosphere for Type \ than tor Type B curves, These types ot response 
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Fig. 11 The normal digital RPG showing the influence of the orienting reflex (ZRF) 
ited by an observer entering the room with the patient The digital vasoconstriction § is 
ent in the slow speed recording The original RPG and rate and volume curves recorded 


ng this period of vasoconstriction can be compared with those in Fig. 4 for the neutral 
ting or relaxed state of the digital circulation of the same subject 


also significant beeause they support the concept of disproportionate constriction of the 
and posteapillary vessels, a vascular phenomenon of possible importance in the regulation 
fluid and solute exchange across the capillary and venular walls. 
During the period of cooling and when the vasoconstrictive patterns were obtained, the 
s of digital flow were so low that the large arteriovenous anastomotic channels, ineluding 
vlomus bodies, must have been completely or almost completely ¢losed.9-! The low rate 
e basal component of pulsatile flow indicates most reliably the state of marked con 
tion of arteries, arterioles, and A-V_ shunts. 
1. The volume-time course curve associated with arterial obstruction: Volume-time course 
es characteristic of arterial obstruction are produced by complete or almost complete 
truetion to digital flow caused by either organie disease or marked constriction of the 


apillary vessels. When the subject rested in the cool room atmosphere (50 to 54° F. 
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by deep inspiration in Subject 7 
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ith only the pelvie region covered with a sheet, digital vasoconstriction beeame so intense 


the subject cooled that no measurable digital inflow was) reeorded hig. 9%), indicating 


losure of all A-V anastomotic channels. 


| 


{ 


cu. mm./5 cc. part 


The marked deerease in total volume of the digits as cooling progressed indieated an 


nerease in venous tone and venoconstriction, the decrease in volume being too large to be 
aused entirely by precapillary vascular coustriction, Furthermore, with cooling, the veins 
the arms of the subjeets were nlso vrossly constricted, Venous pressure Was found to be 
reased in the superficial veins of the arms of subjects exposed to a cool atmosphere! 
nder such circumstances digital venous pressure must also be elevated.t> The rate of basal 
ulsatile flow was too small to measure, further evidence of marked constriction of the pre 
jillary vessels and A-V shunts. 
Effects of Novadrenalin on the Digital Veins. -Noradrenalin is a strong constrictor 
rteries, arterioles, and veins. Its action upon small veins and venules, such as those in 
digits, has received little attention During a study of the activity of the posteap Hers 
tal vessels, noradrenalin was administered intravenously in oO per cent glucose in water 
mg. per 000 ml.) to normal adults while the digital rheoplethysmogram was recorded. The 


ibjects were at rest in bed inoa comfortable room atmosphere with the digits at heart level, 


noradrenalin dripped into the median basilie ve n the arm opposite to that under study. 
e dose was regulated to produce a definite rise in arterial blood pressure, after which the 
fusion Was stopped; recordings were obtained during the periods of increasing and de 
reusing arterial blood pressure (Fig. 10, a and b 
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The normal digital RPG of Subject 7 showing the vasoconstriction produced by the 
sound of a bell, 2RE Fig. 12, a shows the RI’G for the neutral relaxed state. 


The rates of digital inflow and outflow decreased under the influence of the dose of 
lrenalin used (Fig. 10, a and b). Although the veins constricted and venous tone in 
sed, the constriction of the precapillary vessels was greater than that of the posteapillary 
s. The relatively small increase in posteapillary vascular tone was supported by failure 
‘ collecting reservoirs to overdistend and venous pressure to rise rapidly to levels exceed 


iat total digital volume 


that in the collecting cuff (Fig. 10, b) at the same time t 
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decreased.15 The existence of practically zero outflow during the initial phase of the pulse 


eyelels suggests high tone and constriction of the large A-V shunts. The possible physiologic 
significance of this type of RPG has been discussed.17 The magnitude of the decrease in total 
volume of the finge! tip Was compatible with an associated decline in volume of the venous 
side of the cireulation, although, with the doses used, the decrease was not as marked as the 
decrease encountered when the subjeet was cooled. 

Thus, noradrenalin, in the doses administered, had a greater influence upon the pre 
eapillary vessels or afferent vesse!s and the large A-V shunts than upon the posteapillars 
vessels or efferent vessels; however, it produced constriction of all vessels. This phenomenon 
is analogous to the disproportionate degrees of constriction of the afferent and efferent 
arterioles or pre- and posteapillary vessels of the renal glomerulus. The rheoplethysmograms 


also showed that noradrenalin produced constriction of larger digital veins. 


Effects of Oricenting Refler, Psychic Factors, and Deep Inspiration on Digital Venous 
Tone.—When « stimulus was applied directly to the subject or introduced into his environ 
ment, causing him to ‘‘orient’’ or to ‘* reorient’? himself within his surroundings and to he 
come aware of the change, a digital vasoconstriction occurred in association with the orienting 
response, \ typical respouse recorded rheoplethysmographically is shown in Fig. cz: If 
consisted of a deerense in total digital volume and decrease in volumes and rates of digital 
inflow and outflow (Figs. 4 and 11). The response became progressively less intense and 
finally failed to develop with frequent repetition of the stimulus at short intervals of tim 
The response to the orienting reflex varied in degree and ease of production among subjects 
and from time to time for the same subject: it was best produced when the tone of the dig tal 
vascular system was in a relaxed or resting state, and most difficult to elicit, if at all, when 
the digital vessels were under the influence of stimuli which produced marked constrietion 
or marked dilatation, 

That the digital arteries, arterioles, and A-V anastomotic channels constrieted and thei 
lumina decreased in size in response to the orienting reflex was evident from the rheoplethys 
mograms, For example, the total volume of the digit decreased, the volume of the pulse wave, 
D,, decreased, and the volumes and rates of inflow, I, and TI,, and the basal component ot 
pulsatile flow also decreased Figs. 4 and 11). Such responses are characteristic of cor 
striction of arteries, arterioles, and A-V_ shunts. 

The orienting reflex also produced digital venoconstriction and an inerease in) venous 
tone. This response was supported by the decrease in total volume of the digit, which was 
yvreat enough, 40 to 50 ¢. mm. per 5 ml. of part at times, to indicate constriction of the veins 

The same types of digital vascular responses and RPG patterns were obtained wit 
psychogenically initiated disturbances, ineluding stimuli indueed by spontaneous thought 
\ttempts at solution of a simple arithmetic problem (multiplication or addition), convers: 
tion, fright, and the like resulted in digital vasoconstriction whieh involved the arterial at 
venous sides of the circulation. Deep inspiration also produced the same type of digit 
vascular response in which digital venous tone as well as arteriolar tone increased (Fig. | 


a and b 





Sensory Stimuli and Digital Venous Tone.—The application of stimuli, such as flasl 


a light, ringing a bell, pricking the subjeet with a pin, pinching the skin, applying heat 
cold to a local area of skin, or creating loud noises, produced the same type of response 
the digital vascular system (Fig. 13) as deseribed above for the orienting reflex. Tot 
digital volume decreased markedly and the magnitude of ly, I,, Oy, and Og declined (Fi, 
12, a and 13). The collecting vessels became tighter or of higher tone as indicated by 
marked decrease in the total volume of the digit, 50 ¢. mm. per 5 ml. of part, or more 
some instances, 

From the nature of these responses it is evident that many different sensory and psye 
stimuli other than those mentioned above, some tried and some untried, would evoke the sa 


type of response in which the digital veins would participate in association with the ] 
capillary vessels. 
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Evidence for Independent Pre- and Postcapillary Vascular Constriction in the Digital 
Vascular System HMypotheses.—I\t is postulated that small preeapillary vessels, such as the 
arterioles, can constriet and reduce the rate of flow and intravascular pressure in the capil 
laries and other digital vessels, independent of equal active constriction of posteapillary 
vessels. There may also be independent or disproportionate constriction of the posteapillary 
vessels, such as the venules and small veins, which would inerease intravascular pressure in 


t 


ie small vessels proximally, and thus increase the rate of capillary filtration. The rate of 
ood flow would tend to be reduced, depending upon the degree of constriction of the pre 
and/or posteapillary vessels. It is also possible to visualize dilatation or constriction of pr 
and postcapillary vessels oecurring simultaneously to variable and disproportionate amounts 
with variable, simultaneous, inter-related time-course patterns of behavior. These reactions 
vould result in circulatory and filtration behavior whieh would resemble that found in the 
yiomerulus of the kidney. 

The A-V shunting vessels make it possible to have large quantities of blood immediately 
available in the peripheral tissues and, thereby, serve as local channels from which blood may 
be **tapped’*? by the capillaries to meet cellular requirements. Plasma skimming and axial 


} 


TOW 


if erythrocytes make it possible also for the capillaries to tap only plasma or erythro 
cytes in quantities to satisfy oxygen and other particular requirements of the living cells 
~upplied by the particular capillary system. 

Certain rheoplethysmographic data obtained for the finger tip of intaet man indicate 
independent constriction of the preeapillary vessels (arterioles and arteries) and the post- 
apillary vessels (venules and small veins) in support of the hypothesis above. The magni- 
tude of these reactions has not been defined precisely nor have the respective vessels involved 
wen sharply identified and quantitated. Therefore, the terms pre- and posteapillary vessels 
re employed in 


he data presente 


general sense. The A-V anastomoses require special considerations when 
d below are evaluated. The pre- and posteapillary eonstrictor and dilator 
esponses, although discordant in direction of change and/or magnitude of change, and al 
ough they appear to be independent, must be, and probably are, highly integrated processes. 
Among the evidence for ‘independent’? or discordant pre- and posteapillary digital 
aseular activity are: 
1. As indicated above, noradrenalin, in the doses used, produced greater constriction 

f the precapillars vessels than of the posteapillars ones, There was considerable reduction 
digital flow after the administration of noradrenalin with relatively little inerease in tone 
t the collecting vessels, 

2. When the collecting euff was maintained under 40 to 60 mm. Hg pressure or more 
r several minutes, the digit decreased in volume, at times, by an amount as great as, o7 
reater than, the gain in volume following inflation of the euff. However, when the volume 
the digit was at a minimum with the collecting cuff still inflated, the rate of digital inflow 
parently was not reduced markedly. Therefore, the decrease in digital volume was due 

nly to constriction of the posteapillary collecting vessels with relatively little constriction 
the precapillary vessels. 
3. The simultaneous time courses of the volume pulse waves, alpha, beta, and gamma 
Heetions, ly, Ip, Oy, and Ox refleet the independent behavior of the pre- and posteapillary 
ssels. For example, rheoplethysmograms, at times, showed the total volume of the digit 
be declining, as indicated by the descending limb of the beta or gamma deflections; at 
same time, an ascending limb of an alpha deflection was inseribed with the magnitude 
the pulse wave increasing and Ty and I, increasing. For this type of RPG to develop, the 
nous or posteapillary vessels must constrict at the same time the precapillary (arterial and 
eriolar) vessels must dilate. On the other hand, rheoplethysmograms were encountered, in 
ich there was an ascending beta or gamma deflection with a simultaneous descending alpha 
flection, decreasing volume pulse wave, and decreasing ly and Tg. For this to happen, there 
ist be dilatation of the posteapillary colleeting vesse!s with simultaneous precapillary 
soconstrietion. It had been evident throughout many vears of investigations in digital 


thysmography and rheoplethysmography that the simultaneous time courses of the alpha, 
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beta, and gamma deflections indicated independent or discordant constriction or dilatation of 
the pre- and posteapillary vessels. More recent developments ino rheoplethysmography, with 
satisfactory recording of Ty, Oy, Tp, and Og traces, have made possible measurements of the 
time courses of inflow and outflow and, in turn, the behavior of the pre- and posteapillars 
vessels through which digital flow occurs. The simultaneous interrelationships of | thes 


various parameters will be presented in greater detail in another report, 


DISCUSSION 


These studies show the usefulness of the rheoplethyvsmogram in the study, 
not only of the cireulation of the digits, but of any orean that lends itself to the 
type of isolation necessary for rheoplethysmographie experiments.  Rheoplethys 
mography also makes it possible to study the pre- and posteapillary vessels, the 
rate of the basal component of pulsatile flow, the variations in the behavior ot 
A-V shunts, the action of drues, and the influence of psychogenic, neurogenic, 
and loeal physieal faetors, and the like upon digital blood flow. With more 
extensive use of, and better aequaintance with, the method, more detailed in 
formation should accumulate concerning the digital eireulation, 

The rheoplethysmogram showed constriction and increase in tone of the 
precapillary vessels produced by inflation of the collecting cuff. For example, 
one subject, Subjeet No. 4, had a mean rate of digital flow at whieh, if the mean 
rate were maintained, 78 seconds would be required for a volume of blood 
equal to her digital volume to flow through the digit; but by 3 pulse beats after 
release of the collecting cuff the mean rate had declined to a level at which 171 
seconds would be required for a volume of blood equal to her digital volume to 
flow through the digit. These times are designated as mean times of **turn 
over’’ of digital blood. In Subjeet No. 1, the mean turnover time immediately 
after inflation of the collecting euff was 195 seconds, but was inereased to 774 
seconds after prolonged inflation of the euff. In Subjeet No. 5, the mean turn 
over time changed from 159 to 276 seconds because of inflation of the collecting 
euff. That of Subject No. 7, however, changed from 120 to LOL seconds because 
of inflation of the collecting cuff. This latter subject experienced a slight dilata 
tion of the precapillary vessels. However, this subject’s digit) deereased in 
volume while the colleeting cuff was inflated, evidence again of discordant pre 
and posteapillary vascular behavior and further evidence of inerease in venous 
tone with venoconstriction accounting for the deerease in total volume of the 
digit. This subject reveals the complex nature and the variability of the reaetion 
noted throughout these as well as many other experiments on digital flow. Most 
of the differences were merely quantitative, however. The response of the sub 
jeets varied in magnitude, rate, and pressure against which the digital vessels 
decreased in volume while the collecting cuff remained inflated. Almost all sub 
jects showed a decrease in total digital volume to some extent, provided the pres 
sure in the collecting cuff was not too great and the experiment was not repeated 
at too short an interval of time. When the studies were repeated under th 
sume experimental conditions, each subject tended to have essentially the sami 
RPG and same response to stimuli. Many faetors, including the mental stat: 
state of health, fatigue, and others, of which some are not always discernibl: 
seem to influence the day-to-day findings. 
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That venomotor tone may increase when intravenous pressure increases is 
evident from simple gross inspection of the superficial vessels of the feet and legs 
When man stands erect from a supine position. Pressure in the veins of the 
feet and legs is increased, and this increase in pressure is supported in part 
by an inerease in tone of the smooth musele of the veins of the legs and feet. 
Surely the veins are not passively dilated to the maximal extent by the high 
Intravenous pressure found when one stands. If they were, not only would 
the venous valves become insufficient, but man would probably faint more fre 
quently on standing suddenly. It appears that the digital veins responded in 
this same fashion to inflation of the collecting cuff. Immediately after inflation 
of the collecting cuff the digital veins distended under increased pressure, but 
they began to constriet as tone inereased. The degree of digital venoconstrietion 
varied a great deal. 

The four different types of curves of total digital volume deseribed in this 
report emphasize again the possible inaccuracies that may develop if the slopes 
of the volume eurve of the plethvsmogram are not measured properly to obtain 
mean rates of digital blood flow. When the rise of the volume curve follows 

straight line for several pulse eveles, it is easy to obtain an aceurate mean 
rate of flow: but when the volume curve prowressively deereases in slope within 
the first pulse evele after inflation of the collecting cuff, the use of a single 
slope to measure the mean rate of blood flow beeomes hazardous.*  Sueh diffi- 
culties account for some of the discrepancies in the literature. 

The alpha, beta, and gamma deflections exist constantly for the digits and 
vobably for all organs. They apparently are related in’ part to pre-and 
ostcapillary vasoconstriction with integrated function similar to that of the 
fferent and efferent arterioles of the glomeruli of the kidneys. These deflections 
vobably reflect: phasie changes in the rate of capillary filtration in the digits 
ith associated variations in the quantity, at least, of the nutritional extra- 
‘ellilar fluid bathing the cells. These intermittent variations in’ pre-and 
osteapillary constriction and dilatation coincided in time with the intermittent 
low of Ivmph deseribed bv MeMaster.'* The Importance of such variations 

pre- and posteapillary vasoconstrietion and dilatation in) maintaining the 
relation and supplying the tissues with blood and interstitial fluid in order 
» maintain cellular health and funetion remains to be clarified. Drugs which 
fluence the state of blood vessels, sueh as noradrenalin, apparently influence 
e relative variations in) pre- and posteapillary vaseular activity. Unfor- 
nately, the posteapillary vascular action of noradrenalin is often ignored when 
e effects of the drug are considered. The action of drugs probably varies with 
sage, state of circulation, vascular disease, and duration of administration. 


iese and many other factors need investigation. 


SUMMARY 


It has been shown that partial obstruction to digital venous outflow resulted 


slight inerease in tone and constriction of the preeapillary digital vessels 
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and from slight to marked inerease in posteapillary vascular tone and constrie 
tion. The digital veins were among the posteapillary vessels. The mechanism 
for the inerease in venomotor tone as well as the tone of the other vessels remains 
unknown. 

Four types of volume-time course. curves for the initial pulse eveles after 
inflation of the digital eolleetine euff were deseribed. These included the 
patterns for (1) the resting, relaxed state of the digital vessels, (2) the dilated 
state, (3) the constricted state (Types A and B), and (4) the obstruction to 
digital flow. These curves have signifieant rheoplethysmographic, physiologic, 
and pathologie connotations. 

Noradrenalin was found to constriet the posteapillary digital vessels, in 
cluding the veins, but the veins were not constrieted as much as the preeapillary 
vessels for the doses used. 

The orienting reflex, psychogenic and neurogenic reflexes, and deep inspira 
tion were found to produce constriction of the posteapillary vessels, including 
the digital veins, as well as the preeapillary vessels. 

It was found rheoplethysmographically that the pre- and posteapillary ves- 
sels constrict and/or dilate diseordantly or disproportionately in the same man 
ner deseribed for the afferent and efferent arterioles of the kidney. This phenom 
enon probably exists for other organs as well. The phenomenon is most likely 
concerned with the regulation of water and solute loss into, and absorption 
from, the intercellular spaces, and with interstitial fluid cireulation and Lymph 
flow in healthy and diseased states. 

The value of digital rheoplethysmography in the study of the peripheral 


circulation was further emphasized by these observations. 
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CHRONIC SODIUM CHLORIDE CHALLENGE STUDIES IN MAAN 


Davin Batpwix, M.D., Roperr W. ALEXANDER, M.D)... AND 
ERNEST G. WARNER, JR., M.D. 
(HicaGco, Tun. 


N RECENT vears inereasing emphasis has been placed by many Investigators 
| on the interrelationship of extracellular fluid volume and renal sodium ex 
eretion. In recumbent subjects, expansion of this volume leads to a sodium 
diuresis! accompanied by a fall in aldosterone exeretion.” Crawford and Lude 
mann® have described an important qualifying feature. A time lag in natrure 
sis follows the infusion of intravenous saline in man. Sodium exeretion, in spite 
of initial extracellular fluid expansion, inereases only moderately after 35!. 
hours. Only with prolonged infusions of 2.5 per cent saline ean pronounced 
sodium exeretion occur. 

Leaf and Couter® have deseribed a similar lag in the renal exeretion o| 
sodium in patients who ingest high constant sodium loads; sodium urinary out 
put lags behind intake for several days, even though there is a marked inerease 
in extracellular volume. Their studies revealed also a time lag in the rena! 
conservation of sodium when sodium intake was redueed. Some vears ago, 
(Giamble® depicted the same lag phenomenon in infants, and deseribed an ex 
tensive oscillation of extracellular fluid and of electrolyte balanee in an ebb 
and flow which extended over periods of many days. 

Further light has been shed on this time lag phenomenon of sodium ex 
eretion by Ladd,* who found that prehydration with water 8 to 13 hours befor 
intravenous saline infusions eliminated the delay and effeeted a copious hatru 
resis. Recently, Smith* has postulated that the inhibitory effeet of prehydra 
tion on the sodium retaining system remains subliminal but undergoes progres 
sive potentiation with time so that a saline infusion induces prompt natruresis 

The eyelieal fluctuations in sodium balance observed by Gamble, and tl 
observations of Leaf and Couter may well prove aseribable te just sueh 
mechanism in which there results not only potentiation of subliminal stimu 
inhibiting sodium retention, but, also, a similar potentiation exciting it. Thes 
alternately occurring, may reflect the gradual attainment of equilibrium. | | 





the time factor is as important as it appears to be in the potentiation of 1 
hibitory and exeitatory stimuli governing sodium retention, increasing the dal 


sodium intake from a lower to a higher level should exaggerate the positivil 
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and negativity of the resultant sodium balance fluetuations prior to equilibra- 


tion at the higher intake. The studies to be reported here support this concept. 


MATERIAL AND METILODS 


Thirteen patients were studied. All except one (L. P.) were free from any apparent 
clon rine, eaurdiovaseular Ol renal disease, Of these, 12 were ‘*orthopedie ’’ or ‘* plastic”’ 
mnderwent surgical procedures which necessitated plaster casting. One patient (BE. H.) suf 
ered from a spinal artery thrombosis, and the thirteenth IL. P.) suffered from biliary 
rrhosis sand hemochromatosis, 1/] patients were at bed rest and relatively motionless. 
No patient was studied until a minimum of at least 12 davs had elapsed after surgical o1 
asting procedure, with the exception of N. C., who underwent a minor surgical procedure 
der loeal anesthesia during the course of the higher sodium intake studies. The patients 
anged widely as to age and weight. All were studied during cool weather or in air-con 
tioned rooms and in no instance did the temperature in the rooms vary more than 8 degrees 
roughout each study period. All patients were normotensive; none of the females were 
tudied during, or just prior to, menses; and all were afebrile. Laboratory data were ob 


ained to confirm the absence of anemia, renal disease, or eleetrolyte distortion, Clinical data 
neluding those of the patient with biliary cirrhosis are given subsequently, 
Kach individual was given a caleulated sodium intake of 70 mEq. per square meter 
° 


ace aren for to 9 days. This was provided by supplementing sodium restricted diets 


average sodium content: TL mEg.; average potassium content: 67 mEq.) with an additional 
leulated amount of sodium chloride distributed equally in gelatin capsules and taken afte 
of the 3 meals. This was then increased to a daily sodium intake of 120 mEq. of 
lium per square meter surface area in all eases except F. MeG., whose intake was increased 
170 mEg., and L. P., whose intake was increased to 130 mEq. Daily sodium intakes ranged 
m S7 to 141 mEq. prior to loading, and from 149 mEq. to 299 mEq. after loading. 
ligher daily intakes could not be tolerated per os. Four selected low sodium diets, each 
ntaining 1,950 calories, 260 Gm. carbohydrate, 65 Gm. protein, and SO Gm. fat, were alter 
d throughout the entire study, and the diets were intermittently ashed and analyzed to 
sure constancy of sodium content. In all instanees the patients were cooperative and 
rly always consumed the entire meal. Water was allowed ad libitum and intakes were 
asured, 
Urine was collected for 24 hour periods (calculated from exactly 8:00 A.M. to 8:00 A.M.) 
volume measurements Were obtained. Sodium and potassium contents Were measured 
ng a Coleman Flame Photometer. 


Stools were pooled for 3 to 4 day periods, with the exception of the first day on the 


er sodium intake, when single 24 hour collections were made. <All stools were dried to 
stant weight and = pulverized. \liquots were ashed and sodium content determined by 
photometry. Fecal sodium excretion was determined in all except 4 patients. 
Inasmuch as it was not possible to measure the daily sodium excretion in perspiration, 
balanees could not be determined. Many of these patients were in large body easts 
they differed widely in age and body surface area. Beeause these unmeasurable and 


aps variable sodium losses may have been in some instances significant, the mean values 
sodium exeretion during the period of observation on any single sodium load were taken 


line from which fluctuations of exeretion could be measured. The mean value 


rise 


the preloading period and the postloading period were calculated independently. The 
daily exeretion permits comparison of fluctuations in sodium exeretion between indi 
inls and in any single individual on different intakes. ‘‘ Balances’? caleulated from urine 
fecal exeretion data alone as related to intake, excluding sodium loss from sweat and 
seeretions, are identical in shape‘and configuration with the caleulated eurves (Fig. 1). 
It may well be that curves of the fluctuation of sodium exeretion from mean excretion 
esent a closer approximation of true sodium balance than those obtained from the meas 
difference between sodium load and sodium fecal and urine excretion alone, since the 


ents’ weights were constant and sinee variable losses of sodium from sweat and other 
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secretions may be in this way to some degree corrected. Gamble® has made such an assump 
tion in his studies on infants. In full awareness that this is not a measured balance, fluetua 
tions of excretion from the base line have been referred to throughout as ‘‘changes in 
sodium balance.’’ This technique for approximating true balances does in no way detract 
from the validity of the observations to be reported of the relationship of load to fluctua 


tion of excretion, 
Clinical Data. 


1. F. W. was a 14-year-old schoolboy admitted for tendon transplants and arthrodesis 
of the ankle to correct deformities secondary to poliomyelitis. His weight was 82> pounds 
and his height 4 feet 9 inches with a surface area of 1.24 sq. M. 

2. BL M. was an 11-year-old schoolgirl admitted for surgical arrest of femoral and 
tibial epiphyses in one leg. Her weight was 98 pounds and her height 4 feet 7 inches with a 
caleulated surface area of 1.29 sq. M. 

3. S. V. was an 11-year-old schoolgirl admitted for orthopedic correction of a foot drop 
secondary to myelosclerosis. Treatment consisted of casting and spinal fusion. Her weight 
was 100 pounds and her height 5 feet 1 inch with a surface area of 141 sq. M, 

tf. J. PP. was a 37-vear-old housewife with Pott’s Disease necessitating body casting. 
Her weight was 117 pounds and her height 5 feet 3 inches with a surface area of 1.54 sq. M. 

o. FE. H. was a 50-vear-old, 5 feet 10 inches housewife weighing 130) pounds whose 
surface area was 1.56 sq. M. She was hospitalized for treatment after incurring a spinal 
artery thrombosis at the twelfth thoracic level with momentary bladder paresis and minimal 
weakness in one leg. An indwelling catheter was in place throughout the period of study 

6. W. L. was a 30-vear-old white man admitted for reduction of several fractures ot 
the femur. The balance studies were not begun until 5 months after his last operation 
His weight was 113 pounds and his height 5 feet 8 inches with a surface area of 1.6 sq. M 

7. J. D. was a 16-year-old schoolgirl admitted for triple arthrodesis of the left) ankle. 
Her weight was 137 pounds and her height 5 feet 6 inches with a surface area of 1.72 sq. M. 

8. F. S. was a 60-year-old laborer admitted for treatment of skull and pelvie fractures 
The balance studies were not begun until 2 months after admission, when his general eondi 
tion was well stabilized. His weight was 160 pounds and his height 5 feet 7 inches with a 
surface area of 1.84 sq. M. 

9. K. R. was a 21-year-old x-ray technician who was admitted for a triple arthrodesis 
of his ankle to correct a congenitally spastic foot. His weight was 170 pounds and_ his 
height 6 feet with a surface area of 2.0 sq. M. 

10. D. M. was a 58-year-old postmenopausal oftice worker admitted for treatment of a 
fractured ankle. A mild hypertension of 150/80 mm. Hg was noted on admission, which o1 
bed rest alone fell to 130/80 mm. Hg. Her weight was 220 pounds and her height 5 feet 
3% inches with a surface area of 2.02 sq. M. 

11. N.C. was a 48-year-old printer who was hospitalized for skin grafting to an ol 
sear secondary to a leg fracture. His height was 5 feet 11 inches and his weight 200 poun 
with a surface area of 2.09 sq. M. 

12. F. MeG. was a 59-year-old laborer admitted for treatment of multiple fraeturs 
of the pelvis. The balance studies were not begun until 12 days after surgery had elapse 
His weight was 150 pounds and his height 5 feet 6 inches with a surface area of 1.76 sq. 4 

13. L. P. was a 45-year-old man admitted for treatment of biliary cirrhosis and hen 
chromatosis with moderate peripheral edema, but no demonstrable ascites. The diagnos 
was verified by punch liver biopsy. Esophageal varices were demonstrated by x-ray. Blo 
cholesterol was 570 mg. per cent, total bilirubin 6.2 mg. per cent with a direct bilirubin 
2.6 mg. per cent; cephalin flocculation was 3 plus at 24 hours and 4 plus at 48 hour 
Alkaline phosphatase was 35 King-Armstrong units per 100 ml. Coneentration, dilutio 
and PSP studies of renal function were normal. Total protein was 6.0 with 1.8 Gm. albun 
His initial weight was 178 pounds; his final weight was 176 pounds. 

In all patients studied, the hemogram, plasma sodium, potassium, chloride, and NP 


concentration, as well as urinalyses, were normal before and after studies. 
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RESULTS 
Sodium Everction. A most unexpected observation was the marked varia- 


tion In sodium exeretion demonstrated by many patients in spite of the constant 
intake. Mean sodium excretion inereased after sodium intakes were raised, as 
did variation of exeretion. (Tabie I.) In the patients of larger surface area 
who reeeived the larger intakes, these variations were at times extreme. F.S. 
revealed a change of exeretion in one instance of 124 mEq. per 24 hours. L. P. 
demonstrated changes in daily exeretion ranging as high as 220 mEq.  Feeal 
exeretion of sodium on the other hand was practically negligible; it reached a 
iiaximum of S mEq. per 24 hours in only one instance. Daily sodium over-all 
vain or loss data (ealeulated in relation to mean exeretion) are provided in 
Fig. 1. The patients are ranked from top to bottom in the order of magnitude 
of their surface area and sodium intake. The patient with cirrhosis (lL. P.) 
has been added at the bottom, and was included in this report to illustrate the 
wide range of sodium excretion possible in hospitalized patients. The data from 
this patient have been ercluded from all the caleulations involved in the observa 
tions reported from the others. The absolute variation in daily sodium gain or 
loss is smaller in patients of smaller surface area presented at the top of Fig. 1. 
Smaller patients reeeived proportionately smaller sodium intakes. In the sodium 
oading studies on the larger patients, a definite pattern emerges of alternating 
uetuations of balance, roughly sinusoidal in shape, and irregular in interval. 

The standard deviation of total daily sodium excretion was determined in 

| patients for both preloading and postloading studies. These data provide 

numerical indices of the range of variation of excretion. In each patient 
Fig. 1) this value inereased after the sodium intake was elevated. For all 
tients the mean standard deviation on the lower intake was 14.6 mEq. of 
dium per 24 hours; the mean for the higher intake was 39.1 mEq. 

The amplitude of the oscillations of daily sodium excretion was a linear 
netion of intake. When the standard deviations of both pre- and postload 
lium exeretion were plotted against load for all normal patients (the patient 
th cirrhosis was excluded), this correlation was clear (Fig. 2). The correla- 
n coefficient was O.82 with a “*t’’ value of 6.72 and a ‘“*p’? value of less than 
Ol. When the preload data which comprised less than 4+ days of study were 
tted, the correlation coefficient of the relationship of the standard deviation 
sodium exeretion and sodium intake was sfi// high, being 0.73, with a ‘‘t”’ 
ue of 3.99, and a ‘‘p’’ value of less than 0.01.) The variance of excretion was 
dietable in all normal patients, independent of their size, and was a linear 
ection of load. 

Water Excretion In view of the reeent proposals of Berliner and 
ers.) ?° who direct attention to the predominant role of sodium upon urine 
centration mechanisms in the distal nephron, an attempt was made to corre- 
‘urine flow with the varving sodium exeretion. In view of the allowanee of 
er ingestion ad libitum in this series, it might be anticipated that water ex- 

ion would bear little relationship to this ion. Although in the majority of 
ents the correlation was poor, in 4 it was extremely high. (Table IT and 
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, In no instance was mean daily water excretion significantly higher 
during the higher sodium intake studies than during the lower intake studies. 

Potassium Everction.—Potassium exeretion was remarkably constant 
throughout. (Table I.) > Beeause potassium intakes could not be accurately 
measured, potassium balances could not be determined. Gamble® deseribed an 
increase Im potassium exeretion with sodium chloride loading; Leaf and Couter 
deseribed a decrease. In all likelihood, the small magnitude of the variation in 
excretion of urinary potassium here is partly accountable to the moderate con- 
tent of the diet. It was totally unexpected that urinary potassium exeretion 
could remain relatively constant in the presence of marked variation of sodium 
excretion. 


Sodium to Potassium Evreretion Ratios.—Numerous investigators have called 
ttention to the Na to K ratio as an index of aldosterone exeretion.'''’ In these 
studies this ratio holds a high correlation with sodium exeretion. Arithmeticalls 
his relationship merely reflects the constaney of potassium excretion. (Table 1.) 
That this has pha slologie significance here is speculative. 


DISCUSSION 


The pattern of maintenance of constant body sodium stores in the face of 
chromie sodium chloride loading is the predominant cbhservation reported in 
these studies. Leat and Couter®? and Gamble® in similar chronie loading studies 
ave caleulated from the chloride space that the bulk of the additional sodium 
loride is retained as a virtually isotonic fluid in an expanded extracellular 
iid volume. Leaf and Couter’ in a 3 day loading pericd study, expressed 


‘belief that this expansion of extracellular fluid volume would remain fixed. 


amble® denied this, deseribing a fluctuation of extracellular fluid) volume, 
ich expanded and contracted with the continuance of the daily sodium load 
longer periods. It appears likely in the studies reported here that the extra- 
ular fluid alternately expands and centracts, accompanying the fluetuations 
body sodium stores in view of the free allowance of water ingestion and the 
staney of serum sodium concentration. Such an alternating pattern of extra- 
ular fluid volume is consonant with the observations of many investi- 
12 


yrs. * 


ineludinge Zierler and Lilienthal'® who deseribed a ‘*break-away’’ 


Il. CORRELATION COEFFICIENTS: RELATIONSHIP OF POSTLOADING WATER EXCRETION 
TO SopIuUM EXCRETION 


PATIENT CORRELATION COEFFICIENT 
FE. W. 0.97 
B. M. 0.48 
Ss. V. 0.31 
a. FP. O.14 
EK. H. O41 
W. L. 0.28 
J. O53 
F.S. OAT 
K.R. 0.93 
D. M. 0.89 
i & 0.13 


MG 0.95 
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excretion of sodium after initial retention in the face of continued DOCA 
therapy in man. Moreover, a similar initial weight gain and sodium retention 
and subsequent sodium exeretion and weight loss phenomenon has recently been 
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VARIATION OF Na EXCRETION FROM MEAN EXCRETION 
Balances uncorrected for perspiration ————— 





Fig. 1 


deseribed by August and co-workers'® in subjects receiving aldosterone. W1 
ever the mechanisms involved in this alternation of extracellular volume, e 
lag phenomenon of sodium retention and excretion appears frequently in mi 
studies of this kind. 
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Smith* has postulated that the antinatruretic system has central nervous 
system representation, which provides a locus for the aleebraie summation of 
excitatory and inhibitory stimuli. Hydration of subjeets 24 hours prior to a 


challenging infusion of saline solution evokes a marked natruretie response 
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ch eliminates the sodium excretion lag, a phenomenon which is not observed 
onprehydrated subjects.” He suggests that these responses refleet a sub- 
nal progressively inereasing ‘inhibition’? of the sodium retaining system. 
Fig. 4 provides a hypothetical representation of potentiation concepts as 
ied to fixed daily sodium loading studies. Utilizing any arbitrary daily 
um intake such as the given one of 3 units, the response of the daily swings 
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—— 


of sodium balance in the absenee of potentiation and in the presence of a fixed 
rate of exeretion can provoke only one general pattern comprising initial re- 
tention and gradual equilibration to a zero balanee. In this pattern, sodium 
excretion eradually equals sodium intake without acceleration of the rate of 
exeretion of the daily sodium load. By contrast, if the sodium retention 
mechanism is progressively inhibited with time and the rate of sodium ex 
cretion is accelerated, as Smith*® suggests, a second pattern of fluetuant balance 
emerges. (Fig. 4.) This comprises an initial positivity of balance, a subsequent 
negativity, and, thereafter, equilibration to a persistent zero balanee. In this 
pattern the rate of sodium exeretion accelerates with time, providing the inereas 


Na BALANCE 
DAILY INTAKE 3 UNITS 
DAYS DAYS 
1?) 1 2 3 4 5 6 0 ! 2 3 a 5 6 
| bs r r : ; : > ; r ; : : : 
+2- +2) 
+!- +! ] 
° 04 
-I- -! 
-2- —2/ 
(current 1 1 ' ! 1 percent | ' 2 3 3 3 
OUT PUT< ourrur{ 
| delayed ° ! 2 2 2 delayed) ° ! 2 1) i?) 
total 1 2 3 3 3 total 1 3 5 3 
Without Potentiation of inhibition With Potentiation of inhibition 
DAYS 
9 ! 3 4 $ § 


+2- 
+1: 
° 
-14 







-—24 
current ' 2 3 2 1 2 
OUTPUT, swtavea 0 1 2 0 1 2 
total 2 


' 3 5 2 a 
With Potentiation of Inhibition & Excitation 


Fig. 4 


of exeretion over intake whieh comprises the negative balance overshoot. He 
a second positive sodium balance cannot occur with potentiation of inhil 
tion alone of the sodium retaining mechanism. A third hypothesis which 1 
eludes potentiation of both inhibition and excitation is necessary to provir 
alternating positive and negative balances as noted in our studies. Such 
interpretation is suggested as a possible explanation of these cylie phases 
sodium balance. This is comparable to the feed-back mechanisms common 
known biologic interrelationships of one metabolie function with another. 
this instance the lag of sodium exeretion and the lag of sedium retention oce 
alternately as the acceleration of each is triggered. With the passage of ti 
the amplitude of sodium balanee swings may progressively diminish. — T! 
appears to be the ease with subjects F. S., D. M., and N.C. (Fig. 1). Man 


of the other subjects, however, particularly K. R. and L. P., reveal no evider 
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of equilibration to a zero balance after more than a week on the higher sodium 
intake. Studies of longer duration can shed further light upon this problem. 
The suggestion, nonetheless, exists that these sinusoidal alternations reflect a 
eradual ‘“‘hunting’” process, seeking zero balanee with the passage of time. 
Furthermore, at least in the short run, it appears clear that the amplitude of 
the balanee fluctuations is determined by the magnitude of the daily sodium 
load. It would also appear clear that caution must be exereised in the clinieal 
and physiologic interpretation of 24 hour urinary sodium exeretion data from 
subjects at bed rest. The over-all balanee pattern may vary widely from one 
day to another. 


SUMMARY 


1. In spite of a fixed sodium chloride intake, daily sodium exeretion may 
vary widely. 


2. The sodium balanee pattern of larger subjects given proportionately 


larger sodium loads presents a sinusoidal configuration comprising an alternation 
of positivity and negativity in spite of a fixed sodium intake. 

3. The amplitude of the oscillations of sodium exeretion is a linear funetion 
of the magnitude of the daily sodium ehloride load in the short run in all normal 
patients, 

+. The gastrointestinal absorption of sodium chloride in the amounts given 
is practically complete; the feeal excretion of sodium is insignifieant. 

» The urinary petassium excretion in spite of sodium chloride loading 

s described is generally constant throughout. 

6. Hypothetical interrelationships of the above with current coneepts of 
ectrolyte metabolism are diseussed. 

7. Clinical and physiologie interpretations of single 24 hour urinary sodium 
seretion data must be made with caution. 

We wish gratefully to seknowledge the technical assistance of Sylvia Pandolfi and 
tine Horn, the assistance of the Dietary Department of the Presbyterian-St. Luke’s Hos 
tal, specifically Betty Okada and Jane Mikkelsen, and the encouragement and 
s. Theodore B. Schwartz and John W. Clark. 


criticism of 


ADDENDUM* 


{1 Vathematical Model for Sodium Ewerction. If we Suppose that sodium excretion 


ontrolled by a hormone, and if this hormone is itself indirectly controlled by the salt 
tent of the extracellular fluid, we can account for the temporal behavior of the excretion 
salt when the intake level is suddenly changed. To simplify matters, consider changes 
ll enough that the system ean be treated as approximately linear. It has been suggested 
rauss, yp. 23720 that aldosterone, which inhibits sodium exeretion, is itself redueed in 


unt as a result of increased extracellular volume. If we suppose that the extracellular 
Ine is approximately proportional to the sodium content when relatively long periods 
time are considered, it is as if the hormone content (A) were controlled by the sodium 
tent (S). For the linear situation we would then have the following approximate 
ation: 

dA 

it (? ads mA; (] 


*The addendum was contributed by Dr. Herbert D. Landahl of the Committee on Mathe- 
il Biology of the University of Chicago, Chicago, Ill 
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that is, the content of the hormone is inereased by the production term P aS, a being a 
coefficient which measures the inhibitory effect of the extracellular volume change reflected 
in the change, AS, in S from some normal level, and the hormone is eliminated metabolically 
or by excretion at a rate mA, m being a coefticient for this rate. The salt content is deter 
mined by the balance between the intake - and the exeretion, taken here to be linear 
in the change, AA, in A. If Aly is the change in intake from some normal level previously 


maintained and is used as a reference level, the salt content is determined from 


dAS 
- Al, + BAA, 2 
B being a constant measuring the inhibitory effeet of A. That is, if Aly is zero and it 


AA is zero, then AS and S do not change. This would hold if the intake is not changed 
and if the hormone level is not changed from. its previous level. But when Aly is increased, 
i.e., increased load, the salt content increases, or if AA is inereased, the salt content in 
ereases at a rate BAA because of the inhibition represented bry the coettcient pb. Considering 
only changes in A, equation (1) can be written, since the normal level A P/m, 
AAA 
lt ads mAA, 
That is, if AS AA 0 so that S and A have their normal values, AA does not chang: 


and, hence, A remains at its normal value. 
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Now the exeretion rate is Tg, BAA, the normal level of intake minus the amour 


inhibited (for AA positive). Htenee, if we know AA, we ean ealeulate the exeretion rate 
The quantity AA can be obtained from (2) and (3) with the condition that when the 1 


take is suddenly increased, the value of AA does not change immediately, ice., d( SA) /dt 


for t 0. Then we can obtain the solution for the exeretion rate as a funetion of time: 
’ mi ; 
E. Ss Ale /2™ = sin wt + cos wt } 
2w 





where w Vap Wym?. Note that there are only two parameters, m and w, 





Since it is necessary to collect daily samples, we may take the daily integral of 


and eall them E’,. If m 0.66 per day, w 1.55 per day, IL, 196, and T,, 116 mk 







per day, then this leads to the following numerical equation for daily excretion in’ m 


equivalents: 





E’. 196 — e "-35t (17 sin 89t + 80 cos 89t), 5 









t being in days and the angles in (5) being in degrees instead of radians (1 radian a7 


degrees). 





thers) are shown by the solid curve. 
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In Fig. 5, the average of all subjects except L. P. and F. MeG. (higher salt load than 


The average of all preload excretion values is 116, 


whereas the average of all postload values is 196 (196 116 SO) 


Shown in the same figure are the caleulated values from equation (5). It can be seen 
0 


the 2 curves show a considerable degree of similaritv. It should be pointed out that 


since m 0.66 per day, the halt life of A is about 1 dav for these data in terms of this 
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BACTERIAL INVASION OF BLOOD AFTER ORAL SURGICAL 
PROCEDURES 
ALEXANDER SCHIRGER, M.D... Wituiam oJ. Martixn, M.D. Ro Quextix’ Royer, 
D.DS.. AND GERALD M. NeEEpHAM, Pid. 


ROCHESTER, MINN. 


Hi incidence of bacterial invasion of the blood following oral surgical 

procedures has been studied by several investigators.'"> The likelihood ot 
obtaining positive blood cultures in connection with these procedures appears 
to be greater when samples of blood are taken at the conclusion of the opera 
tion rather than 10 minutes later. Also, bacterial invasion of the blood stream 
may be decreased by administration of an antibiotie prior to oral surgery. 
Recommendations, designed to prevent bacterial invasion of the blood follow 
ing dental surgery, were made by the American Council on Rheumatic Fevei 
and Congenital Heart Disease of the American Heart Association.” 

Investigations of the incidence of pathogenic organisms in the blood 
after oral surgical procedures at the Mayo Clinie had not been extensive. In 
the present study we have attempted to compare the incidence of bacterial 
invasion of the blood of patients undergoing such surgery without receiving 
any antibiotic beforehand with that of patients who were given phenoxy 
methyl penicillin’? '' by mouth prior to operation. We were interested in 
determining whether penicillin in this form without adjunctive parentera! 
administration of penicillin G would be an effective prophylactic. Also, we 
wished to know whether the agent, given 24 rather than 48 hours befor 


operation, would suffice. 


PROCEDURE 

Samples of blood for eultures were obtained from 127 patients immediately afte 
oral surgical procedures which included extraction of teeth. Another sample wes obtains 
1S hours later. None of the patients had urinary obstruction or evidence of renal d 
ease, and none had eardiovascular defeets which would make them vulnerable to end 
carditis or endarteritis. The 50 patients who will be referred to as constituting “gro 
A” did not receive any antibiotic or chemotherapeutic agent before operation. The 
maining 77 subjeets received only 1 or 2 tablets of phenoxymethy] penicillin*® (500,0 
U. or 300 mg. per tablet) at intervals of approximately 6 hours for a total of 4 dos 
preceding the operation, which was undertaken about 4 hours after the last dose. Fif 
of these 77 patients thus received 4,000,000 U. penicillin preoperatively and will 
referred to as “group B.” This amount of penicillin was chosen as approximating 1 


preoperative dose recommended by the American Heart Association for patients w 
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cardiovascular defects that would make them susceptible to bacterial endoearditis or 
endarteritis.? The American Heart Association recommended that a total dose of 3,200,000 
to 4,200,000 U. penicillin be given prior to extraction of a tooth and that the larger amount 
be given in part by mouth and in part by injection. Also the schedule, as outlined by 
that association, recommends that treatment begin approximately tS hours before opera- 
tion. The schedule followed in this study appeared to be more applicable to the practice 
if oral surgery at the Mavo Clinie where it is sometimes diftieult to begin treatment more 
than 24 hours before extraction. 

The remaining 27 of the 77 patients (group ©) received 1 rather than 2 tablets of 
phenoxvmethyv] penteillin every 6 hours for 4 doses, for a total preoperative dose of 
2 HOO 000 UT. of the antibiotic. 

The presence of bacteria in the blood was determined by culturing approximately 
10 ml. of blood in appropriate liquid and solid media. If the patient had received pemi 

lin, penicillinase was added to the culture medium. Identification of a positive blood 
‘ulture was made by the usual baeteriologie procedures. 
The number and type of oral surgical procedures carried out on patients in the vari- 


us groups are as follows: of the 50 patients in group A, 12 had more than 15 teeth ex- 


racted; 23 


23 had 1 to 4+ impacted teeth removed, and 1 had a torus palatinus excised. Of 
the 50 patients in group B, 10 had more than 15 teeth removed; 29 had impacted teeth 


removed, and 2 had large evsts excised. Of the 27 patients in group C, 4 had more than 


I> teeth removed; 20 had impacted teeth removed, and 1 had a sequestreetomy for 


psteon velitis. 
RESULTS 
Twenty-seven of the 50 untreated patients (group A) had positive eultures 
i! the blood obtained at operation immediately after oral procedure. Ten of 
these positive cultures grew Streptococcus mitis and one yielded Staphylococcus 
sureus. Eighteen hours after operation the blood of all of these 27 patients 
vas negative for bacteria. However, organisms grew in cultures of the blood 
rawn IS hours after operation from 5 other patients, even though cultures 
the blood of these patients taken at operation had been negative (Table I). 
BET. Bioop CuLTureES FOR 127 PATIENTS AFTER ORAL OPERATIONS WITH AND WITHOUT 
PREOPERATIVELY ADMINISTERED PHENOXYMETHYL PENICILLIN 


BLOOD DRAWN FOR CULTURES FROM 
GROUP A 


CONTROLS GROUP B* GROUP Ct 
AT 18 HR. AT IS HR. AT 1S HR. 
OPERA AFTER OPERA AFTER OPERA AFTER 
TION OPERATION TION OPERATION TION OPERATION 
of patients in groups 50 50 27 
tive Cultures. 
“treptoeoceus mitis 10 I 
treptococcus, nonhemolytic ] 
taphyloeoecus aureus l l 
taphylocoeeus, coagulase 
negative 7 2 I j - 
ptococeus l 
nidentified gram-negative 
bacillus 1 I 
irynebacterium 7 l 5) I I - 
il with positive cultures 27 5) S 3 5) 4 
il with negative cultures 23 15 $2 47 22 23 


*Received 4,000,000 U. phenoxymethyl penicillin prior to operation. 
jReceived 2,000,000 U. phenoxymethyl penicillin prior to operation. 











378 SCHIRGER ET AL. J. Lab. & ¢ Med 


Kight of the 50 patients comprising group B had positive cultures of 
blood drawn immediately after operation. Eighteen hours after operation the 
blood of all 8 was negative for bacteria. However, the blood drawn at Is 
hours after operation from 3 other patients grew organisms even though 
cultures of blood of these 3 patients taken at operation had been negative. 
No streptococel were encountered in vroup b. 

ive of the 27 patients in group © had positive cultures from the blood 
obtained immediately after operation. One of these cultures yielded Str. mitts. 
None of the 5 had positive cultures of blood drawn 18 hours after operation. 
Four additional patients in this group of 27, however, had positive cultures 
of blood drawn 18 hours after operation, even though the cultures made im- 
mediately after operation were negative. 

kor each patient a careful notation was made of the status of the oral 
hygiene, the duration of operation, and the magnitude of extraction. No 
correlation could be detected between these factors and the incidence of posi- 
tive cultures. 

COMMENT 


Our data appear to corroborate the findings of others, in that a signifi- 
cantly greater number of positive blood cultures occurred in the group of 50 
patients who did not receive penicillin prior to oral surgery. 

It is of interest that all patients with positive cultures of blood drawn 
immediately after operation had negative cultures of blood obtained 18 hours 
after the proeedure. While this finding seems to indicate that bacterial in 
vasion of the blood after oral surgical procedures is usually a transient phe 
nomenon, it does not follow that such a phenomenon should be regarded 
lightly. Although some of the organisms isolated in this study are virtually 
never associated with primary infections, it is known that they can caus 
endocarditis. Previous studies'’ '*' indicate that dental surgery can be 
causative in persistent bacteremia. 

Krom our data it appears that phenoxymethyl penicillin is at least as 
effective in the dosage schedule employed as is parenterally administered 
penicillin G employed by other investigators. Rhoads and associates’ ad 
ministered 300,000 U. procaine penicillin G toe 43 patients 2 hours prior t 
dental extraction and encountered postoperative bacterial invasion of thy 
blood in 3 patients. 

Glaser and others" studied 40 patients who had not received prophylacti 
treatment before operation and 40 who had reeeived it. Streptoeoeei wes 
found on culture of the blood from more than 67.5 per cent of the patient 
in the first group. In the second group, in which the patients were giv 
600,000 U. penicillin intramuseularly in divided doses for 24 hours prior 1 
dental extraction, the incidence of positive blood cultures was 42.5 per ce 
In accord with our own data these authors found a marked decrease in t! 
incidence of alpha hemolytie¢ streptococci in the treated series. 

Hirsh and others’ administered 300,000 U. procaine penicillin G for 
days prior to dental operation and stated that the incidence of bacterial 1: 


vasion of the blood decreased from 46 to 37 per cent. When they consider 
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the alpha and gamma streptococci alone, they obtained a significant reduction 


in the incidence of transient bacteremia from 34 to 15 per cent. Like us these 


authors were unable to correlate the incidence of positive blood eultures with 
the state of oral hygiene or number of teeth extracted; however, they found a 
vreater incidence of positive cultures after extensive surgical procedures. 

MeEntegart and Porterfield? found transient streptococcal bacteremia 
in oF per cent of 200 patients immediately after dental extraction. They 
found no relationship to the extent of oral sepsis but only to the number of 
teeth removed and to the extent of the procedure. 


Our data compare favorably with those of other workers since our 50 
patients (group B) who received the higher total dose of phenoxymethyl 
penicillin (4,000,000 U.) demonstrated no growth of baeteria generally con- 
sidered pathogeme for endocarditis in blood cultures obtained at the time of 
and 18 hours after, oral operation, 


Our observations in group B suggest that 
when 4,000,000 U, 


phenoxymethyl penicillin is to be given by mouth this 


treatment need not begin until 24 hours before operation rather than 48 hours 
beforehand. Our observations indicate, too, that for prophylaxis, penicillin 


may be given in the phenoxymethyl form of the agent by the oral route. 


We are currently investigating the use of phenoxymethyl penicillin in an 
attempt to prevent bacterial endocarditis and endarteritis after dental extrac- 
lions in patients with congenital or acquired cardiovascular defects that would 
wake them suseeptible to such complications. 


SUMMARY 


Kor 27 


of the 50 patients who had not received an antibiotic, cultures of 
ood drawn immediately after oral surgical procedures yielded bacteria. Ten 
these positive cultures grew streptococei of the mitis group, and 1 yielded 
faphylo OcCUS GAUreus. 


: Kor S of a similar group of 50 patients who had 
ceived phenoxymethyl penicillin preoperatively every 6 hours for 4 doses 
taling 4,000,000 U., cultures of blood drawn immediately after surgery grew 
icteria; however, no streptococci of the mitis group were encountered, When 
lf this dose. or 2.000.000 U.. was used for 27 patients, cultures of blood 
mediately after surgery from 5 grew bacteria; the blood of one of these 
vielded Streptococcus mitts. 


Phenoxymethyl penicillin is effeetive in decreasing the incidence of bae- 


ial invasion of the blood after oral surgery. When given in doses employed 


this study, the agent seems to minimize invasion of the blood by strepto- 
‘e] of the mitis group. A total of 4,000,000 U. given preoperatively in 4 
ally divided doses proved as effective as have other forms of penicillin 
en on differing schedules by others. 
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THE ESTIMATION OF FUCOSE IN SALIVA 


A. Price Evans, M.D., M.Se., M.R.C.P. 
LIVERPOOL, ENGLAND 


DAVID 


URE human blood group active mueoids A, B, H, and Le* have been 
prepared and analyzed by Morgan and his collaborators.’ These substanees 
have been found to contain differing amounts of the methyl-pentose L-fucose. 
Thev are secreted in saliva. 


Precise methods are 


available for the 
This article shows that 


estimation of methyl pentoses.* ® 
Gibbons’ method’ ean be 


used to estimate the fucose 
content of human saliva. 


EXPERIMENTAL 
Vat rials, 


Salivas: These were collected by having the subject spit in a test tube. The quantity 
lected varied from 


Artificial stimuli to salivation were not employed. The 


for 10 minutes on collection, centri- 


2.5 to 5.0 mi. 
specimens were boiled a water bath immediately afte 

ged at 2,000 r.p.m. for 5 minutes, and the supernatants were stored at —20° C, 
Red blood cells: While the saliva sample was bein collected, the subject’s ear 
inctured with a needle. \ 


were collected 


Was 
few drops ot blood 


2.0 ml. of physiologie 


in 
line. The red eells were * 


*vrouped’’ within 24 hours. 
L-fucose: The pure sugar was heated in vacuo at SO° C. for 
ool in vacuo over phosphorus pentoxide before it was used. te 


The concentrated standard was kept at 


20 minutes and allowed 
make up the standard solu- 


use, 


20° C. when not in 
Th oglycollic acid: A fresh solution 3.8 per eent v/v in distilled wate) Wis prepared 
each experiment. 


Sulfuric acid reagent: Sulfurie acid ae parts; distilled water 1 part. 
Antisera: A saline extract of 


Shapleigh!® was 


Ulex curopeus seeds prepared by the 


method of Boyd 
used as an anti-H 


agglutinin. Anti A and anti B were of the non- 
mune type from human sera. The same standardized solutions of 


the agglutinins were 
d throughout. 


Mi thods. The 


salivas were thawed at 


room temperature after 
n centrifuged for 10 


removal from storage, 


minutes at 1,500 rp.m. The supernatant was 


decanted and the 
all precipitate was discarded. 


Classification into secretor type: All salivas were tested for H, A, and B activity 
intitatively by means of a doubling dilutions agglutination inhibition technique.1! Standard 
ivas from known blood group O, A, and B seeretors were included in each day’s estima- 


iss The serologic end point taken was the greatest dilution which completely inhibited 
vlutination, 
From the Department of Medicine, the University of Liverpool, Liverpool, England. 
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Rid cell grouping : This was carried out in the usual manne 


technique. 
Methyl pe ntose reaction of varying dilutions of saliva: The sa 


group B secretor saliva was diluted to concentrations of wa, 4, 


water. To 0. ml. of these concentrations, and to 0.5 ml. of the 


eontent ot all specimens was determined HN Gibbous’? method. 


Recovery Eaxpei ments One-half miililiter of each of 9 differer 


of all tubes was then determined by Gibbons’ method. 
The regressious of optical density upon fucose coneentration 


standard deviations of scatter about the lines were determined by thi 
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DILUTION OF SALIVA 
Fig, 1 Saliva alone: added fucose 30.4 wg per milliliter The 








Standard error of estimation of salivary fucose: A large sa 











nonsecretor saliva was divided into 25 portions. Each portion was 











saliva sample and its methyl pentose content determined ly Gibbons’ 








Procedure for methyl pentose estimation in saliva samples by a 








distilled water in a volumetric flask. 











For each test the following tubes were prepared ; 1) duplicate 




















Thioglyecllic acid reagent was added to 2 of the tubes only 


blank. 


: the thi 
























After the 





sulfurie 


added to all 


acid reagent had been 








minutes; when it had taken place the tubes were boiled. 





The 2 regression coefticients were compared by the method of Brownle 


‘ro Tbewan 


hie Spee Ine 


a A 
\l 
s of a 
n ofa 


and t with 


for both lines, 


» met} ods oO 


relationshi} 


concentrations of saliva to the optical density produced in the thioglycollis 


mple of ble 


treated as ¢ 


method 


modification 


» blanks wh 


tubs 


blood 


distilled 


) 


neat saliva, a 
of a 30.4 weg per milliliter solution of pure L-fueose in water was added. One half 
liter of water was added to a duplicate range of saliva dilutions, The methyl 


2 mi, 


milli 


pentos 


it concentrations range 
5 to 45 wg per milliliter) of pure L-fucose in water was prepared in duplicate; 0.5 ml 
of 4 strength blood group B secretor saliva in water was added to each tube of one set of 
dilutions and 0.5 ml. of water to each tube of the other set. The methyl pentose eontent 


and the 


f Corntield.12 


» of 


hd 


rod 


in 


of 


ich 


distilled water instead of the saliva solution, 2 five different coneentrations of 


different 
test 


group ( 


individu: 


Gibbous 


method: After centrifugation, 0.5 ml. of the saliva supernatant was diluted to 4.0 ml. wit 


eontain 


I 


fucos: 


5 to 40 wg per milliliter) in duplicate as standards, and (3) the diluted saliva in triplieat: 


rd served as a specime 









tubes at O° C,. th 


allowed to equilibrate with a warm room temperature of 26° C. This usually took 


tubes 


to 4 
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Readings were taken in a Hilger Uvispek speetrophotometer at 390, 895, 400, 405, and 


at 400 and 430 my on the fucose standards and the 
water blanks. These readings were taken between 5 and 6 


130 my on all saliva specimens, and only 


hours after the addition of 
hioglycollie acid, The readings on the standards were taken afte? one-half the saliva 
specimens had been read so that any error caused by the passage of time while the readings 


e taking place would be minimized. 


RESULTS 
Varying Dilutions of Saliva. When the same specimen of saliva was 
diluted to varying streneths, the results shown in Fig. 1 


oO, were obtained, with 
and without added L-fucose, 


It is seen that the relationship of optical density 


to concentration is practically linear up to 14 strength of saliva. 


Recove ry Ear pe rinent. The estimated reoeressions ot optical densits \ 


expressed as (D400-D430 10) where D optieal density) on the final 


concentration of pure fueose (x) were as follows: 


l \ 151.90 16.180 x: sr 99354 units of \ 
(2) y 2.37 6.554 x; Sr D.796 units of \ 


where Sris the standard deviation of seatter. 


Contaminated Spectmens, It was found with pure fucose solutions and 


vith saliva obtained from subjeets in the fasting state after they had cleaned 
their mouths, that D395 was ereater than D400, and also that D390 was greater 
than PD405. 


With contaminated specimens 


many of which gave extremely high values 
or D400-D430 


these relationships did not obtain, indicating a different type 
absorption curve with its peak sometimes at 400 my and occasionally at 


10 mut. 


Usually the blanks for these contaminated specimens were markedly 
ink, whereas for uncontaminated salivas the blanks were practically colorless. 
Vhen subjeets had recently drunk tea or coffee their salivas were found to be 
mtaminated., 

Error of Estimation of Salivary Fucose.When a large sample of group 
' nonsecretor saliva was divided into 25 portions and each was treated as a 


e standard error of the mean was 0.55 pe per milliliter. 


parate sample, a mean value of 69.62 pe fucose per milliliter was obtained. 


Fucose Content of Saliva——The fucose content of a particular individual's 


iva can vary considerably at different times. (Table L.) 


DISCUSSION 


It is seen from the results shown in Fig. 1 that the relationship of optical 
nsity in Gibbons’ methyl pentose test to the concentration of saliva is prae- 
‘ally linear up to 14 strength; this obtains for dilutions with and without 
ded pure fucose solution. 


These results and those obtained from the recovery experiment indicate 
at there is no interference by saliva at one-eighth strength in the fucose 


action, Over the range tested in the recovery experiment (5 to 45 pg fucose 
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TABLE I. VARIATIONS IN THE FuUCOSE CONTENT OF AN INDIVIDUAL ’S SALIVA 


ABH 
BLOOD SECRETOR FUCOSE CONCENTRATIONS OF SPECIMENS OF SALIVA 
SUBJECT GROUP STATUS OBTAINED AT DIFFERENT TIMES (gg/ml. 
M B ; 24.0, 66.7 
K oO ' 7.3, 05.4 152. 
E R ' 16.2, 55.8. 62.3, 95.0, 133.1 
¢ 0 i) 69.7, 76.7 
+ ABH secretor; 0 ABH nonsecretor 


per milliliter in the reaction mixtures) the slopes are virtually the same fon 
both regression lines. (When the slopes are compared by the method of Brown 
lee, t 0.682 with 18 degrees of freedom and p > 0.10. 

Saliva specimens whose absorption curves did not obey the relationships 
described above for pure fueose and uncontaminated saliva were felt to bi 
so contaminated as to vield unreliable results. This was presumably beeaus 
the absorption eurve of the fucose present was submerged by adjacent absorp 
tion curves of some other substances. 

The variation in an individual’s salivary fucose content from time to time 
may well represent the dilution of a component of saliva whieh contains fucose 
by another component which contains much less fucose or no fucose at all 
Unfortunately the saliva samples were too small to determine their fucose in 
terms of ‘‘solid content.”’ 

Blood group substances are known to contain from 12 to 20 per cent of 
fucose by weight,’*! and they are known to exist in saliva.’ Small amounts 
of fucose are known to exist in other substanees in the human body, e.e., 
intrinsie factor,'! urinary mucoprotein, virus inhibitor,’* ' and oligosaccharides 
of human milk.'* The quantities contained in these substances are small, and 
it is possible in some of them that the fucose is a contaminant, as these sub 
stances are obtained from liquids which possess blood group activity. Thess 
substances are not present in saliva. There are no methyl pentoses other that 
fueose in saliva.'s 

The results indieate that the fucose content of saliva ean be aecuratels 
determined by subjecting a 1:8 aqueous dilution to Gibbons’ method for methy 
pentose. The estimation of salivary fueose content in this way may prove t 


be a reliable index of its blood group substance content. 


SUMMARY 


Gibbons’ method for methyl pentoses has been found to be a reliable metho: 
for the estimation of salivary fucose concentration. The standard error « 
measurement is of the order of 1 per cent. 

A spectrophotometric technique is described for detecting salivas whic 
are so contaminated as to prevent their fucose content being accurately det 
minable. 

The salivary fucose content of a particular individual varies considerab 
from time to time. 

Blood group substances are known to be present in considerable amoun' 
in saliva, and these substances are known to contain 12 to 20 per cent | 
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weight of fucose. The estimation of salivary fucose content may prove to be 


il reliable index of blood vroup substance content. 


The author wishes to thank Prof. W. T. J. Morgan, for his advice and encouragement, 
Prof. A. W. Downie, for laboratory facilities, Drs. C. A. Clarke and R. B. MeConnell for 
their interest, for blood grouping, and for supplying the salivas, and Dr. C. J. M. Rondle 


{ 


for advice on the chemical methods. 


REFERENCES 


1. Aminoff, D., Morgan, W. T. J., and Watkins, W. M.: Studies in) Immunochemistry ; 
Isolation and Properties of the Human Blood-Group A Substance, Biochem, J. 
46: 426, 1950. 


2. Annison, E. F., and Morgan, W. T. J.: Studies in) Immunochemistry; Isolation and 
Properties of Lewis ( Le" Human Blood-Group Substance, Biochem. J. 50: 460, 

1952. 
Annison, KE. F., and Morgan, W. T. J.: Studies in) Immunochemistrv: Isolation and 


Properties of Human Blood-Group HL Substance, Biochem, J. 52: 247, 1952. 

t. Gibbons, R. A., and Morgan, W. T. J.: Studies in) Immunochemistry; Tsolation and 
Properties of Substances of Tluman Origin Possessing Blood-Group B Speeificity, 
Biochem. J... 57: 283, 1954. 

Schiff, F., and Sasaki, H.: Der Ausscheidungstypus ein auf serologischen Wege nach 


weibares Mendelndes Merkmal, Klin. Wehnsehr. 34: 1426, 1982. 


6. Grubb, R.: Correlation Between Lewis Blood Group and Seeretor Character in Man, 
Nature, London 162: 933, 1948. 
7. Grubb, R.: Observations on the Human Blood Group System Lewis, Acta path. et micro- 
biol. seandinayv. 28: 61, 1951, 
S Dische, Z.. and Shettles, .. Bs \ Specific Color Reaction of Methyl Pentoses and a 
Spectrophotemetrie Micromethod for Their Determination, J. Biol. Chem, 175: 595, 
LO4S8, 
'. Gibbons, M. N.: The Determination of Methyl Pentoses, Analyst 80: 26S, 1955. 
Boyd, W. C., and Shapleigh, E.: Separation of Individuals of Any Blood Group Into 
Seeretors and Non-seeretors by Use of a Plant \gglutinin ( Leetin - Blow d 9: 
1195, 1954. 
Race, R. R., and Sanger, R.: Blood Groups in Man, ed. 3, Oxford, 1958, Blackwell 
Scientific Publications, pp. 63-64, 
Cornfield, .I.: Personal communication, 1958. 
Brownlee, K. A.: Industrial Experimentation, ed. 4, Londen, 1949, Her Majesty ’s 
Stationery Office, P. 66. 
Latner, A. L., Merrills, R. J.. and Raine, L. C. D. P.: Isolation of Castle’s Intrinsic 


Factor, Lancet 1: $97, 1954. 

Gottsehalk, A.: Carbohydrate Residue of a Urine Mucoprotein Inhibiting Intluenza 
Virus Haemagglutination, Nature, London 170: 662, 1952. 

Odin, L.: Carbohydrate Residue of a Urine Muecoprotein Inhibiting Influenza Virus 
Haemagglutination, Nature, London 176: 663, 1952. 

Kulin, R.: Aminozuecker, Angewandte Chemie 69: 23, 1957. 

Berggtird, l., and Werner, I.: The Carbohydrate Constituents of Human Saliva, Acta 
odont. scandinayv. 16: 43, 1958. 











THE FUCOSE AND AGGLUTINOGEN CONTENTS OF SALIVA 
IN SUBJECTS WITH DUODENAL ULCERS 
Davip A. Prick Evans, M.D., M.Se., M.R.C.P. 


LIVERPOOL, ENGLAND 


UMAN individuals are divided into two types by the seeretor phenomenon, 
H the ability to seerete A, B, and HL blood group substances into the bods 
liquids. The liquid which ean be tested most easily to determine the in- 
dividual’s secretor status is the saliva. Substances A and B are. specific 
products of the genes so named. Substanee IL is found in the salivas of blood 
group O, A, and B seeretors and hence cannot be regarded as a specific gene 
produet.2 Individuals who do not seerete A, B, and HL substances secrete 
Lewis blood group substance in their saliva.’ There are a very few individuals 
who do not seerete any recognizable blood group substance in their salivas.* 
Seeretors of A, Bo and H substances also secrete Lewis substance in their saliva, 
but in very much smaller coneentrations than ABIL nonseeretors. 

There are a significantly higher proportion of ABIL nonseeretors in series 
of subjects with duodenal ulcers than are present in control series taken from 
the general population. ° This indicates that ABIL nonsecretors have ¢ 
greater susceptibility to develop duodenal ulcers than have ABH secretors 
The suggestion has been made° that this increased susceptibility of ABH non 
secretors is due to the fact that their duodenal mucosae are protected by smalle: 
concentrations of blood group substances than are the duodenal muecosae o! 
ABIL secretors. 

The pure human blood group active mucoid substances A, B, H, and La 
have been isolated and analyzed by Morgan and his eolleagues.**" They a 
contain considerable amounts of the methyl pentose L-fucose. There are ar 
curate methods available for estimating methyl pentose.''?* One such method 
that of Gibbons’? has been shown to be a reliable technique for estimati 
salivary fucose concentration." 

The aims of this article are: 1) to show that salivary fucose determin 
tions provide a reliable index of total salivary blood group mucoid conte! 
~) to present evidence that ABH nonseeretors secrete similar concentratio 
of blood group muecoids in their salivas to ABH seeretors, and (3) to show 
2 phenotypes that there is no significant difference between the total salivi 
blood group mucoid concentrations of subjeets with duodenal ulcers and subje: 
without duodenal ulcers. 

These findings cast doubt on the concept that there is less protection 
the duodenal mucosa by blood group mucoids in ABH nonsecretors when 
pared with ABH. secretors. 





From the Department of Medicine, the University of Liverpool, Liverpool, England. 
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EXPERIMENTAL 
Vat i ials. 


Salivas: These were collected by having the subjeet spit in a test tube. The quantity 
olleeted varied from 2.5 to 5.0 ml. Artificial stimuli to salivation were not employed. The 
specimens were boiled for 10 minutes on a water bath immediately after colleetion, cen 
trifuged at 2,000 r.p.m,. for 5 minutes, and the supernatants were stored at —20° C, 

Red blood ecells: While the saliva sample was being collected, the subject's ear Was 
punctured with a needle. A few drops of blood were collected in 2.0 ml. physiologie saline. 
The red cells were ‘* grouped’? within 24 hours. 

Antisera: A saline extract of Ulex curopeus seeds prepared by the method of Boyd and 
Shapleights was used as an anti-H agglutinin. Eel serum (from ctnguilla anguilla\4) was 
ised as an anti-H agglutinin for one series of subjects in addition to the Ulex extract. 


Anti-A, anti-B, and anti-Le* agglutinins were of the nonimmune type from human sera, The 


same standardized solutions of the agglutinins were used throughout. 
L-fucose: The pure sugar was heated in vacuo at SO° C. for 20 minutes and allowed 


) eoo!l in racuo Ove! phosphorus pentoxide before it Was used to make up the standard 


solution. The concentrated standard was kept at —-20° C. when not in use. 


Thioglycollic acid: A fresh solution (3.3 per cent v/v in distilled water) was prepared 


rr each experiment. 


Sulfuric acid reagent: Sulfurie acid (A.R.) 6 parts; distilled water 1 part. 
Methods.—The salivas were thawed at room temperature after removal from. storage, 
nd were centrifuged for 10 minutes at 1,500 rp.m. The supernatant was decanted and the 


small precipitate was discarded, 


Classification into seerctor type: All salivas were tested for H, A, and B_ activity 
iantitatively by means of a doubling dilutions agglutination-inhibition technique.t5 Stand- 
salivas from known blood group O, A, and B_ seeretors were ineluded in each day’s 
mations. The serolegie end point taken was the greatest dilution which completely 


hited agglutination. A series of blood group O, ABH nonsecretor salivas were quantita 


ly tested for Le* activity by means of the same doubling dilutions teehnique. 


Red cell grouping: This was earried out in the usual manner by means of a tube 
nique,t 
Procedure for cstimdting fucose in saliva samples by Gibbons’12 method: This proce- 
was carried out as described in a previous paper.) Five tenths milliliter of saliva was 
ted to 4.0 ml. with distilled water in a volumetrie flask. Each saliva was then processed 
riplicate. Thioglyeollic acid was added to two tubes and the third served as a specimen 
Spectrophotometric readings of optical density (1)) were made on each specimen at 


velengths, viz.: 590, 395, 400, 405, and 430 mp. A series of 5 standard fucose concen- 


ons (9 to 40 wg per milliliter) in duplicate, and 2 water blanks were ineluded with 
batch of saliva specimens. The regression equation, y a + bx (where y (1400- 
10°, and x concentration of fucose in wg per milliliter), was ealeulated for the 


lards in each experiment. The fucose concentrations of the salivas were caleulated from 


egression equation, 

Statistical techniques: The log, salivary fucose concentrations in the different non 
phenotypes have been subjected to a one-way analysis of variance procedures 

The means of the log,, salivary fucose concentrations of the different phenotypes have 
compared by the procedure of Scheffé!® which circumvents the difficulties of multiple 
ing. 

The confidence limits of a difference as determined by this method are: 


MS MS 


wp 


ty (k-1) r. (k —1)n: N, : N, 
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where k number of phenotypes, F is obtained from variance ratio tables at a probability, 
n degrees of freedom within phenotypes, MS,, mean square within phenotypes, and 
N, and N, numbers of observations in the two phenotypic classes compared. When there 
is a difference at the level of significance indicated, the confidence limits do not overlap zero 

The regressions, \ a + bx of the log, salivary fucose concentrations (¥) upon the 
agglutinogen titers of the salivas (x), have been calculated. For this purpose the last tubs 
which completely inhibited agglutination was taken as the measure of agglutinogen concen 
tration and was expressed as follows: 14 l, lay $, lasy 6, ete. This is effectively 
logarithmic seale. 


The slopes of the regression equations are compared ly the method of Brownlee.2' 





RESULTS 





Contaminated Specimens.—Results from saliva specimens for which D400 





was greater than D395, and D405 was ereater than D390, were considered 
unreliable.’ For this reason the results from 163 samples had to be disearded. 

Error of Estimation of Salivary Fucose.—The salivary fucose eoncentra- 
tions presented in this artiele were obtained in 30 experiments. The mean 
values of the parameters for the 30 standard lines are shown in Table 1. The 


mean standard error of x caleulated from the value of v observed on a sing 






sample is 0.66 p@ per milliliter fucose. 
















TABLE IT. PARAMETERS FOR 30 ‘*STANDARD LINES’’ WHICH EXPRESS THE RELATIONSHII 
BETWEEN OpTicAL DENSITY (vy) EXPRESSED AS ( D400-D430 103, AND 


FUCOSE CONCENTRATION (ug/ml, x 





STANDARD DEVIATIOD 
THE DISTRIBUTIO 









ESTIMATED MEAN OF 


PARAMETER 





Regression Coefficient b 16.7139 O.5410 


Intercept a (in y units 3.3421 3.0370 
Standard Deviation of seatter S, (in y units) 11.0172 $8210 
Standard Error of x caleulated from a single observation 


of v (units of x 0.6585 O.2885 









TABLE II. MEAN Loc, SALivary Fucose CONCENTRATIONS OF SUBJECTS WitHouT ULCE! 














ABH MEAN LOG, FUCOSE STANDARD ERROR ANTILOG OF TH 
BLOOD SECRETOR NUMBER CONCENTRATION OF THE MEAN MEAN (M 
GROUP STATUS EXAMINED (M) (M) (uG/ML, FUCOS 
O : 94 L.SOS2 0.0183 79.11 
\ + 62 1.9250 0.0212 84.14 
+ 57 1.9759 0.0269 94.61 
All t 213 1.9268 0.0126 84.48 
3) . 57 LS1O00 0.0273 64.57 
A 53 1.8051 0.0253 63.84 
3 9 1.7535 0.0384 56.59 
All 119 1.8035 0.0174 63.60 
secretor nonsecretor 


Tape III. Mean Loc, SALIVARY FUCOSE CONCENTRATIONS OF SUBJECTS WITH Dvopt 
ULCERS 





ABH MEAN LOG,, FUCOSE STANDARD ERROR ANTILOG OF 1 

BLOOD SECRETOR NUMBER CONCENTRATION OF THE MEAN MEAN M 

GROUP STATUS EXAMINED (M) (M) pG/ML, FUC! 
oO , 90 1.9307 0.0226 85.25 






Oo ~ 50 1.7388 0.0366 54.80 


secretor; — = nonsecretor, 
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Subjects Without Uleers—The distributions of log, salivary fucose con- 
centrations approximate normal curves, whereas the erude values do not. The 
logy) Values are, therefore, used for computations; their distributions are shown 
in’ hig. 1.) The numerical data are given in Table I. 

The salivas of blood groups O and A nonseeretors of ABH in Table II 
were all tested with anti-Le*® antibody. All salivas inhibited anti-Le* in the 
evroup © nonsecretor category. In the blood group A nonsceeretor category there 
were 3 salivas which gave very weak anti-Le* inhibition, but none completely 
failed to inhibit: anti-Le*, 

The titer levels of the agglutinogens of these 332 salivas are shown in 

») 


Subjects With Duodenal Uleers.—Salivas from subjects in two phenotypie 
classes. (blood group © seeretors of ABH, and blood group © nonsecretors of 
ABIL) with proven duodenal uleers were studied. The salivary agelutinogen 
titers of the blood group © secretors of ABH are shown in Fig. 3. The logy, 


fucose concentrations of the salivas are shown in Fie. 4+ and Table ITE. 


Statistical Analysis..-The log,, salivary fueose concentrations in the differ- 
ent phenotypes without ulcers have been subjeeted to an analysis of variance. 
The result is shown in Table IV. There is a signifieantly greater variation 
between phenotypes than there is within phenotypes. 

The means of the different phenotypes are compared according to the 

rocedure of Scheffé.!’ | These comparisons are shown in Table V. It is seen 


E IV. ANALYSIS OF VARIANCE ON LOG, SALIVARY FUCOSE CONCENTRATIONS OF SUBJECTS 
Without ULCERS 


OURCE OF VARIATION DEGREES OF FREEDOM SUMS OF SQUARES MEAN SQUARE 
Between phenotypes 2 L.oOS4 0.27968 
Within phenotypes 326 11.1914 0.03432 
, 0.2796R 
4 \ 9 ) O.00 
0.03432 ones , 


V. COMPARISONS OF MEANS OF LOG, SALIVARY FUCOSE CONCENTRATIONS OF SUBJECTS 
WirHouT ULCERS 


CONFIDENCE LIMITS OF THE DIFFERENCE 


IENOTYPES DIFFERENCE IN AT THE STATED LEVEL OF P 
OMPARED P MEANS LOWER UPPER 
and O 0.05 0.0882 0.01496 +0.19136 
and all 0.05 0.0947 +0,00965 +0.17975 
and all 0.0] 0.0947 —).0046 +0.1940 
and O 0.05 0.1150 +0.00222 +0.22778 
and O 0.01 0.1150 —0).0167 +0.2467 
and all 0.01 0.1215 +0.0091 +0.2339 
and all 0.001 0.1215 0.0099 +0.2529 
and O 0.001 0.1659 +0.0088 +0.3230 
and all 0.001 0.1724 +0.0373 +0.3075 
and all - 0.001 0.1233 +0.0273 +0.2193 
ABH  secretor : ABH nonsecretor 
Vhere the confidence limits do not include zero the difference is significant at the level of 
ted 
Significant at p 0.05 
Significant at p 0.01. 


Significant at p 0.001. 
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that the means of the log,,, 
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salivary fucose concentrations of the blood groups 


A and B seeretors are significantly different from the highest mean amone thy 
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salivary fucose concentration of the blood group © secretors is not significantly 
different from that of the blood group O nonseeretors, but is significantly higher 
than the mean for all the ABIL nonsecretors combined. There is a highly sig- 
nifieant difference between the mean log,, salivary fucose concentration of all 


ABH seeretors combined and the mean for all ABIL nonsecretors combined. 


DUODENAL ULCER SUBJECTS 











40Fr 
n=90 mean = 31.9! 
30+ 
2 20- 
=) 
2 10 
2 
=] 
Ww 
rs 
_ ONTOONTDO 
° ~ One 
- Titre H ( Ulex) 
Ps 
€ 30F n=89 
| 
Z 20 mean=24.34 
id 
ONTDONT DO 
—MONnNw 
-— oa 
Titre H( Eel serum) 
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The log, salivary fucose concentrations of the subjects with duodenal 
cers and the corresponding subjects without uleers were examined by the 
nalvsis of varianee. The result is shown in Table VI; again, there is more 
riation between phenotypes than within phenotypes. The mean log,, salivary 
cose concentrations of the different phenotypes are compared by Scheffé’s 
thod'’ in Table VII. It will be seen (1) that both series of blood group O 


retors have mean log, salivary fucose concentrations which are not. sig- 
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! The distribution of logw salivary fucose concentrations in subjects with duodenal 


ulcers 


‘antly different, (2) that both series of blood group O nonseeretors have 
n log, salivary fucose concentrations which are not significantly different, 

3) that the blood group O nonseeretors with duodenal uleers have a mean 
salivary fueose concentration which is significantly different from the 


ns of both series of blood group © seeretors. 
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The parameters of the estimated regressions of log, salivary fucose eon- 
centrations upon the agglutinogen titers of salivas are shown in Table VIII 
There is a significant correlation between all agglutinogens and log, salivary 
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2-200 


2-000 





Logio fucose concentration 
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> -400r gee —regression y = 1.565 +0.091x 
L wee ---- 95% confidence limits tS, 
as © mean logig fucose at each 
1-200F titre level of H, with 

number of observations. 

voool 1 L L 4 — = i 

1 2 3 4 5 6 

x = Titre of H( Ulex) 

Fig. 5 The regression of logw salivary fucose concentration on agglutination-inhibit 
titer of H in blood group © secretor subjects without ulcers (Sr is the standard deviation 
seatter of the points about the line.) 
fucose concentrations exeept in the ease of A agglutinogen. Fig. 5 shows 


an example) the relationship between Ulex inhibiting titers and log,, salivat 

fucose concentrations in blood group © seeretor individuals without ulcers 
DISCUSSION 

The regressions obtained between log,, salivary fucose coneentrations al 

agelutinogen titers indicate that fucose estimation can be used to determi 
total blood group mueoid content of saliva. 

The wide confidence limits of the regresslous (Table VIEL) are consider 


to be an expression of the variability of the serologic technique. A. reason f 


the absence of a significant regression between log, fueose concentration a 


1h 


TaBLE VI. ANALYSIS OF VARIANCE ON LOG, SALIVARY FUCOSE CONCENTRATIONS OF GROU! 
SECRETORS AND NONSECRETORS, WITH AND WITHOUT DUODENAL ULCERS 


SOURCE OF VARIATION DEGREES OF FREEDOM SUMS OF SQUARES MEAN SQUARI 
Between phenotypes 3 1.4597 0.48656 
Within phenotypes 287 12.7073 0.04427 
0.48656 
F ratio 10.991; p<0.001. 


0.04427 
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A titer ean only be conjeetured, but, possibly, it is due to the faet that blood 
vroup A, and A. persons were not differentiated, There are differences in the 
proportions of Le*, Il, and A substanees seereted by these subtypes??? whieh 
may be responsible. On the other hand, this explanation would seem inecom- 
patible with the presence of a signifieant regression between log, salivary 
fucose concentration and IL titer in blood @roup A secretors. 

It is suggested that the large varianee of the salivary fucose coneentration 
within a phenotypie class is due to the fact that a relatively high fucose 
seeretion is diluted by one which contains a much smaller amount of fucose or 
no fucose at all. The fueose content in percentage of dry weight in saliva from 
7 subjeets has been determined.*® This also shows a variation, the values 
ranging between 2.1 and 4.9. 

The results presented here show that ABH secretors have a higher mean 
salivary fucose concentration than that of ABIL nonseeretors. The difference 
is, however, not large. This finding must be assessed in the light of serologic 
knowledge and the known chemical structure of the group speeifie muecoids. 

Nonseeretors of ABIL seerete more Le* substanee in their salivas than do 
ABIL seeretorst; in the various ABH secretors the relative proportions of A, 
B. Hl, and Le* substances are different. The approximate proportions are indi- 
cated in Table IN: (for the sake of simplicity Le? has been ignored). Table X 
shows the fueose contents and molecular weights of pure human blood eroup 
clive mucoids obtained from ovarian evst fluids?! The fueose content of micro- 

olar solutions is larger for A, B, and TH] substances than for Le* substanee. 

The salient faets which are known from serologie studies, coupled with 

owledge of the properties of pure group specifie mucoids and the salivary 
cose contents of different phenotypes, allow one to formulate a coneept of the 
ntitative aspects of blood group ageglutinogen secretion. (Table XL.) The 
| salivary blood group mucoid has been computed for the different pheno- 
es by aseribing proportions of the mean log, salivary fucose concentration 


he various blood group mucoids as follows : 


VII. CoMPARISONS OF MEANS OF LOG,, SALIVARY FUCOSE CONCENTRATIONS OF Group O 
SECRETORS AND NONSECRETORS, WITH AND WITHOUT DUODENAL ULCERS 


CONFIDENCE LIMITS OF THE 


DIFFERENCE DIFFERENCE AT THE STATED 
IN LEVEL OF P 
{ENOTYPES COMPARED P MEANS LOWER UPPER 
O+ and DU O 0.001 0.1919 +0,.0425 +0.3412 
O+ and non DU O+ 0.050 0.03825 0.0542 +0.1192 
O+ and non DU O 0.010 0.1207 +0,0004 +0.2410 
O+ and non DU O 0.001 0.1207 0.0227 +0.2641 
and non DU O 0.001 0.1594 +O0.0112 +0.3076 
O- and non DU O 0.050 0.0712 0.0426 +0.1850 
DU O+ and non DU O 0.050 0.0882 0.0104 +0.1868 
\BH secretor; \BH nonsecretor 


Where the confidence limits do not include zero the difference is significant at the level of 
ted 


Significant at 0.001 
Significant at 0.01 
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(1) Nonseeretors of ABH are presumed to secrete Lewis substanee only. 
This is all assumed to be Le*. 

2) HL titer and log,, salivary fucose content are correlated in blood group 
() seeretors (Fig. 5 and Table IX). The iIntereept of the regression line is taken 
to represent fucose caused by the Lewis substance present. This (when anti- 
ogged) is 36.7 ne per milliliter. The fucose content of the Lewis substanee is 
taken to be that of Le*, i.e., 12 per cent.*! 

3) Since fucose correlates with H titer in all ABH seeretors, the ratios 
of fueose due to TH substance in the various ABIT seeretors are taken to be the 
same as the ratios of the means of the anti-IL (Ulex) inhibiting powers, viz.: 


B see : A see : O see :: 1.68 +: 5.97 -: 16.00 


The fueose content due to Hl in blood group OM seeretors has been caleulated as 


12.4 ne per milliliter. (Antilog of the mean log, salivary fucose concentration 
of nonduodenal uleer blood group O seceretors, minus the antilog of the intereept 
of the log,, salivary fucose-Ulex titer regression, Therefore, the fueose caused 
; . £24 9.97 : 
by Ho in blood group A: seeretors is 16 00 1I5.8 and in blood group 
0. 

4? 4 1.68 i 

B SCECTCTOrS, : +4 pe per milliliter. 
16.00 


tf) Grubbt showed that the approximate ratio of Le* aetivity in ABH 


ScCcretors Was: 
A+0O) :(B+AB) ::3:1 
li is assumed that blood group O secretors and blood group A: secretors have 
ial amounts ot Lewis substance in their silivas. Since 36.7 pg per milliliter 
S held to be accounted tor hy Lewis substanee in blood 2roup () secretors 
same amount is held to be present in blood group A secretors. In blood 


TABLE IN. SkEROLOGICALLY DETERMINED INFORMATION CONCERNING BLOOD Group 
ANTIGEN SECKETION! 


ABH 

oop SECRETOR BLOOD GROUP MUCOTID SECRETED 
ouPp STATUS ; A i LEWIS 
R + 
\ 
() me 
All } 

Secretor nonsecretor 


ABLE X. THe MoLecuLAR WEIGHTS AND FUCOSE CONTENTS OF PURE BLOOD GrRoUP 
ACTIVE Mucoips OBTAINED FROM OVARIAN CYST FLUIDS!9 


MOLECULAR WEIGHT » 
FUCOSE CONTENT 


1 x 105 
FUCOSI FUCOSE CONTENT OF 
MOLECULAR CONTENT MICROMOLAR SOLUTION IN 
UBSTANCI WEIGHT X UG/ML.) 
B All 1S 15-54 
\ 250,000 IS 45-54 
H to 20 50-60 


Lea 300,000 12 30-36 
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aad 
, : ; HO. 
croup B seeretors the Lewis substance is held to account for 12.2 pe 


per milliliter fueose. This Lewis substance is assumed to have the sume fucose 
content as Le*, viz., 12 per cent. 

(5) The following considerations have been ignored in compiling Table XT: 

1) the oeeurrenee of Lewis nonsecretor persons in both ABH seeretor and 
ABIL nonsecretor classes, and (2) Le” seeretion. This is because there is at 
present insufficient information to incorporate these features into the seheme. 

It is true that the estimated proportions of different blood group substanees 
present in each type of individual, used in Table XI, is only an approximation 
but a radical change in the proportion aseribed would be required to influence 
materially the figure computed for total blood group substance. So great a 
change would seem to be ineonsistent with independent serologic findings 
Table IX). 

This view of blood group seeretion indieates that all phenotypes have 
roughly the same mean total concentration of blood group substances present 
in their salivas. Thus it seems likely that the greater susceptibility of ABH 
nonseeretors to duodenal ulceration as compared with that of ABH) secretors is 
not caused by the lower concentrations of blood group substances in their body 
huids. 

The mean log,, salivary fucose concentration (and henee the mean total 
blood group substanee concentration) seems to be the same in subjeets with 
duodenal ulcers as it is in subjects without ulcers. This conclusion is strength- 
ened by the faet that when the slopes of the regressions of log, salivary fueose 
concentration upon Ulex inhibiting titer are compared in blood group O seere- 
tors without uleers and group O seeretors with duodenal uleers, t = 0.453 and 

0.10. When the intercepts of these two regressions are compared, t = 1.054 

7 p 0.10. Henee there is no sienifieant difference in the log,, salivary 
cose coneentration-agglutinogen titer relationship between subjeets with and 
thout duodenal uleers. 

The finding, that the mean total salivary blood group substanee econcentra- 

is the same in subjects with duodenal ulcers as it is in subjects without 
rs, indicates that persons who have developed duodenal ulcers have not 
eso because they have lower total concentrations of blood group substances 
heir body liquids than have subjects without ulcers. There is no informa- 
available on the output of blood group substance per unit time at any site. 
as been suggested** that blood group substances protect the duodenal mucosa 
ust the development of ulcers. In view of the known inerease in acid output 

the stomach of subjeets with duodenal ulcers?® it would be of value to 

‘ss the gastric blood group substance output in subjects with this condition. 


SUMMARY 


The coneentration of L-fucose in saliva has been determined in 472° sub- 
332 of whom were free of peptie uleer symptoms and 140 of whom had 
lenal uleers. The ABO blood group and ABH seeretor status of these 


ects was determined. 
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It has been shown that there is a significant correlation between log,, 
salivary fucose concentration and salivary agglutination-inhibition titer for the 
following agglutinogens: H in blood group A, B, and © seeretors, B in blood 
group B seeretors, and Le* in blood group () nonseeretors. The correlation 
between log, salivary fucose concentration and salivary agglutinogen titer of 
Hf in blood group O secretors held true when both Ulex extract and eel serum 
were used as antisera. Significant correlation was absent between log,, salivary 
fucose concentration and salivary A agglutinogen titer in blood group A secre 
tors. 

The estimation of fucose in saliva is accurate to approximately 1 per cent 


view of the correlations found between salivary agglutinogen titer and 
salivary fucose concentration, it would appear that the latter is an accurate 
index of the total salivary blood group substance concentration. 

Nonseeretors of ABH substances have been found to have almost as high 
a salivary fucose concentration as do ABIL seeretors. It has been computed 
that the mean total blood group substance concentration is of the same order, 
regardless of blood group or ABH. seeretor status. 

ABIL seeretor and ABIL nonsecretor blood group O subjects with duodenal! 
ulcers have the same salivary fucose concentrations as the corresponding pheno 
tvpie classes without uleers. 

These findings suggest that the increased susceptibility of ABH nonsecre 
tors to develop duodenal ulcers, when compared with ABIL seeretors, is not 
eaused by the ABH nonsecretors having lower total blood group substanee con 
centrations in their body liquids. The results further suggest that subjects 
who have developed duodenal ulcers have not done so beeause their body liquids 
(as exemplified by saliva) have lower total blood group substance coneentr: 
tions than do those of subjects without ulcers. 

The author wishes to thank the following: Prof. W. T. J. Morgan, F.R.S., for 1 
anti-Lea serum; Prof. A. W. Down 
. Clarke and R. B. McConnell for their interes 
for blood grouping, and for supplying the salivas; Dr. C. J. M. Rondle 
chemical methods; and W. T. A, 


advice and encouragement, and also for his gift of 


F’.R.S., for laboratory facilities; Drs. C. A 


for advice on tl 
Donohoe who performed the serologic titrations, 


ADDENDUM 
Specimens of saliva from one subject (which are not ineluded in any of the alv 
series) repeatedly failed to exhibit any inhibition of anti-H, anti-A, anti-B, and anti-l 


activity. This person’s saliva was found to contain 35.7 wg per milliliter fucose. Ot! 
ABH nonseeretor salivas which have fucose concentrations of this order possess Le@ activi 


There may be, therefore, a hitherto unrecognized fucose-containing mucoid in some saliy 
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A COMPARATIVE STUDY OF RENAL CONCENTRATING ABILITY 
IN CHILDREN WITH SICKLE CELL ANEMIA AND 
IN NORMAL CHILDREN 


(CHARLES F. Wrirrkx, M.D.. AND ANTOINE A. Younes, M.D. 
Derroir, Micnu. 
With THE TECHNICAL ASSISTANCE OF GLORIA FRAZIER 


[' ILAS been established by the studies of several investigators’ that indi 
viduals with siekle cell anemia have a defect in renal concentrating ability 
when evaluated by measurement of the maximal urinary osmotie concentration 
(or maximal urinary specific gravity) attained during antidiuresis. The pur 
pose of this study was to appraise the concentrating ability in children wit! 
sickle cell anemia by utilization of a second index of renal concentrating power, 
namely Ty, HLO” which is the maximal rate of solute free water reabsorption 
achieved during osmotic diuresis. We have concluded from this investigation 
that these 2 parameters are not similarly affected by the pathophysiologic fac 
tors at work in children with this disease. 

After this investigation was begun a similar study was reported by Hein 
mann and Cheune® which involved 4 subjeets with sickle cell anemia. In onl 
1 child was T, HL.0 determined, and the value obtained, 11.5 ml. per minut: 
per 1.73 sq. M., would not permit an interpretation of this function in chil 
dren, as the level was unaecountably high. 

In this report data will be presented relative to T,, H.O in normal chil 
dren, a funetion not previously evaluated in this age group. 


METHODS 


The primary subjects were 16 children with sickle cell anemia diagnosed by the pre 
ence of anemia, reticuloeyvtosis, and the tvpieal S-hemoglobin electrophoretic pattern, su 


n some form (sickle cell trait, siekle e 


ported by the presence of sickle cell hemoglobin 
anemia, ete.) in both parents when available. Only 1 child (Subject B. J.) had receive 
a transfusion within 6 months of this study. Twelve normal children were studied, eit! 
on admission to the hospital for elective minor surgery or after at least a 5 day conval: 
cence at the hospital following a respiratory infection. All had a normal level of her 
globin and demonstrated only A-hemoglobin by electrophoresis. Additional subjects ws 


) ha 


3 ehildren with sickle cell-hemoglobin-C disease and 1 child who is presumed t 


sickle cell thalassemia disease, 


Urine was collected via an indwelling catheter with the bladder completely empt 


by instilling air and expressing it by manual suprapubie pressure. Blood samples ws 
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jlected from a convenient vein with an indwelling needle: their patency Was maintained 
injection of small quantities of heparin. 

Food and liquids were withheld for 183 to 16 hours, usually 15 hours, from all sub 
ects in preparation for study. After the bladder was emptied and hydropenic urine and 
ood samples were obtained, one or two 20 minute urine san ples were collected to meas 
re urine tlow and water reabsorption in subjects in the oligurie state. Then, pro 
vressively increasing Osmotic diuresis was indueed by the intravenous infusion of 10 per 
ent mannitol in water at the rate of 20 ml. per minute per 1.73 sq. M., utilizing a econ- 
stant infusion pump (Sigmamotor). Our objeetive was to obtain a urine flow of approx 
natels 20 mi. per minute per WE: Sq. M. in each subject. However, because the hy 
ponatremia that ensues in individuals undergoing progressive osmotic diuresis is occa 
] 


iv severe, n some of the vounger children, the infusion was prophylactieally dis 


onal 
ontinued before this level of urine tlow was reached. 

For the determination of T), H.O, urine was collected for 5 to 8S periods of 10 minutes 
each, with blood samples obtained 2 minutes after the onset of the period. In some 
subjects the first period was not begun until 20 to 50 minutes after initiation of the con 
tunt infusion. Therefore, the smaller value in Column 12, Tables I and II, does not rep 


resent the minimal urine thow at which TS H.O was reached in all subjeets. 


Inulin clearance (Cyy) and renal plasma tlow (RPE) were measured in some sub 
ects, in which case a priming dose of inulin and sodium paraaminohippurate was injected 
ter the oligurie urine and blood specimens had been obtained, and a sustaining dose 
f inulin and sodium paraaminohippurate was added to the 10 per cent mannitol. The 
ing and sustaining doses were calculated to achieve and maintain inulin and para 
nohippurate levels of approximately 20 mg. per cent and 1 to 2 mg. per cent, re 
etively. At least a 350 minute period for equilibration was allowed before inulin clear 

e and renal plasma tlow were measured, thus these determinations were made during 


course of the osmotic diuresis. 


Solute free water reabsorption (T’ H.O) was calculated from the formula: 


ina Usem \ , 
| HO Voor ¢ ‘ \ 
P vn 
where: JPRS urine osmolality in milliosmoles per liter. 
V urine flow in milliliters per minute, 
Pam plasma osmolality in milliosmoles per liter. 
seen osmolal clearance in milliliters per minute. 


The method utilized to calculate the final value for the maximal rate of solute free 
reabsorption (Ts, H.O) is that of Bovarsky and Smith.? in which Ty, H,O is derived 
e mean of all values of T’ H.O which fall within the rectilinear portion of the line 
vression obtained by plotting Con Seeinet VV, irrespective of the slope of this line. 
method is illustrated in Fig. 1, with data from one of our normal subjects (G,. G.). 
© values are represented by the degree of horizontal displacement from the isotonic 
a line established when C,,,, equals V. It will be noted that above a urine flow of 
ximately S ml. per millimeter, T’ H.O becomes relatively constant and generates a 
H.O value is the mean of these various Te H,O values 


near line. Tee tT: 


Ved, oe 5.5, 5.3, and 5.7) which compose this line and, in this subjeet, is 5.6 ml. per 

e per 1.73 sq. M. 

Plasma and urine osmolality were measured by the freezing point depression method 
of a Fiske osmometer. Hemoglobin electrophoresis was performed by the paper 
jue of Smith and Conley.s Inulin was determined by the method of Schreiner,® and 
inohippurate by the method of Smith and associates,!¢ except for the use of barium 
‘ide and zine sulphate in the preparation of the filtrates. The surface area was 
ed by use of the nomogram devised by Hannon from the formula of DuBois.1 


lhe data have been statistically evaluated by use of Fisher’s t test.12 
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RESULTS AND COMMENTS 


A summary of the data obtained from measurement of maximal urinary 
osmotic concentration and T), HLO in ehildren with sickle cell anemia and nor- 
mal children is recorded in Tables I and I], respectively. 
of the pertinent data is presented in Table IIL. 


In Fig. 2 the maximal urinary osmotic concentration is depieted in milli- 


osmoles per liter attained in the hydropenic state. 


A statistieal analysis 


The range for the normal 
children was from SO7 mOsm. per liter to 1.210 mOsm. per liter, with a mean 
of 1056 + 128 (S.D.) mOsm. per liter, in contrast to a range of 420 to 664 
mOsm per liter and a mean of 542 + 68 (S.D.) mOsm. per liter in the 16 ehil 


dren with siekle cell anemia. An impairment in concentrating ability in chil- 


dren with siekle cell anemia is revealed by this test. This defeet is graphically 


evident (Fig. 2) and statistically significant (p value 0.001). The degree of 
defeet In concentrating ability in our 16 subjeets is similar to that reported 


DV Ot hers. 
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T’ HO values in Subject G. ¢ (15-vear-old normal child), indicating method used 


to determine Ti, HeO 


Confirmation of the presence of a concentrating defect during hydropenia 
tained when the actual amount of solute free water being reabsorbed 
1.0) during antidiuresis in the 2 groups is compared (Tables I and 11, 
in 9), when, presumably the need to conserve water is identieal. The 
ve value for the normal children is 1.7 ml. per minute per 1.75 sq. M., 
as in the children with sickle cell anemia the average rate of solute free 
reabsorption during antidiuresis is only 0.7 ml. per minute per 1.73 
l., less than 50 per cent of normal (Table Tlf, Column 4). The p value 
in highly signifieant (<0.001 
hur data substantiate the current view’! that an impairment in renal 
ntrating ability in the antidiuretie state is a universal finding in subjects 
siekle cell anemia and that the onset of this defect is in early childhood. 
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Since presumably the same mechanisms which are responsible for water 
reabsorption during hydropenia operate in water reabsorption during osmotic 
diuresis, it would be anticipated that, in disease states in whieh maximum 
urinary osmotic concentration is less than normal, there would be a similar 
alteration in Th HLO. The relationship of these 2 funetions in disease states 


has not been adequately studied, but an examination of the data, reported by 
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Fig. 3 Comparison of Ty, H2O in normal children and in children with sickle cell anen 


Baldwin and co-workers,’ in which maximum osmotie U:P ratio and Ti, I 0 
were determined in adults with acute and chronic glomerulonephritis « 
acute renal failure reveals that a parallelism in impairment was invari: 
present. 

When we examine the TS, H.O values in children with sickle cell an 
(Fig. 3), we find that the range, 3.2 to 6.2 ml. per minute per 1.73 sq. M.. 's 
similar to the range, 3.4 to 7. 


ml. per minute per 1.73 sq. M., found in nor 
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children. The mean in the group with siekle cell anemia is 4.5 ml. per minute 


per 1. 
per 1.78 sq. M. in the normal group. llowever, the p value is greater than 0.1; 
therefore, the difference in T), HLO between the normal ehildren and the ehil- 


dren with sickle cell anemia is not statistically significant. 


» 


73 sy. M. and, thus, slightly lower than the mean of 5.2 ml. per minute 
7 


Our data reveal that at low urine flows (hydropenie state) in children with 
sickle cell anemia there is an impairment in water reabsorptive ability, whereas 
at high urine flows (osmotic diuresis) water reabsorption occurs at normal 
rates. An appraisal of our data relative to differences in osmolal clearance, 
solute exeretion, and glomerular filtration rate (Table IIL) between the normal 
children and the children with sickle cell anemia does not uncover an explana- 
tion for a normal T), HO in the group with sickle ecll anemia. A considera- 
tion of a possible explanation for this apparent inconsistency In renal con- 
eentrating ability, ie., normal Ti, H.0 and subnormal maximal urinary os- 
motie concentration, will be developed (sce below). Before this is done, several 
aspects ob our results deserve further comment. 

As originally observed by Zak and co-workers'! and substantiated by other 
investigators,” | there is a lack of constaney of T° HO in a significant number 
of individuals when T° HI.O is measured over a wide range of urine flow. 
T H.O values inerease or decrease progressively as urine flow increases. If 
11.0 were a constant value during high levels of osmotie diuresis, the slope 

‘the line of regression generated by T° ILO (Fig. 1) would be 1.000, or within 
range of 0.950 to 1.050, with allowance for a reasonable variation of 5 per 
it for methodology.t! In Table IV we have listed the statistical values of 
pes of our subjects as well as those from the adult studies of Boyarsky and 
ith’ and Zak, Brun, and Smith.’' It will be noted that in each group a 
significant number of slopes exceed the limits of a 5 per cent range of variance. 
this variation in T° H.O oeeurs in some subjects is unknown, but, because 
occurs, it raises a question as to how valid a comparison ean be made be- 
en Ty, HLO values in 2 individuals, if a difference in slope exists. This 
ect is being explored beeaus® a difference in slopes between the normal chil- 
and those with siekle eell anemia might conceal actual differences in 
1.0. However, the range, mean, and standard deviation of the slopes for 
eroup with siekle cell anemia are so similar to the values for normal ehil- 
and normal adults that variations in slope will not provide an explana- 
for normal T H.O in ehildren with sickle cell anemia (Table IV). 
Ty, ILO capacity in children, when corrected for surface area, is an early 
ring function with a mean of 5.2 + 14 (S.D.) ml. per minute per 1.73 
M. This compares favorably with the mean of 5.1 + 1.5 ml. per minute per 
sq. M. reported by Zak, Brun, and Smith'’ in 21 normal adults and the 
nh of 4.99 + 0.85 ml. per minute per 1.73 sq. M. reported by Boyarsky and 

‘in 9 normal adults. 

We have, as have Zak, Brun, and Smith,'! ealeulated the ratio of T,, ILO to 

Tables I and II, Column 17). However, we feel that physiologie im- 


‘tions derived from a consideration of this ratio would only be justified if 
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it were established that from each 100 ml. of glomerular filtrate the maximal 
amount of solute free water (T), ILO) was being constantly reabsorbed. 
Present evidenee suggests that this is not the ease.'? Indeed, when we actually 
measure the amount of solute free water reabsorption below osmotie diuretic 
levels of urine flow (e.g. during hydropenia, Tables T and Il, Column 9 

the rate of reabsorption is far below TS H.LO. That physiologic interpretations 
hased on this ratio are of questionable validity is illustrated by the data on 
Subject R. M. (Table 1). His Ti, H.O to Cyy ratio is 2.8, which is markedly 
reduced, llowever, his absolute T), HLO, 5.5, is well within the normal range 
The low ratio is the result of an elevated glomerular filtration rate (not an 
uncommon finding in children with sickle cell anemia’), and there is no ap 
parent basis for the conelusion that his functional tubular damage is more 


severe than that in those individuals with a normal Ty, [11.0 to Cyy ratio. 


TABLE IV. COMPARISON OF THE SLOPE OF THE LINE FroM Wuici TS, WoO Was CaALcuLat 


IN NORMAL ADULTS, NORMAL CHILDREN, AND CHILDREN WITH SICKLE CELL ANEMIA 
RANGI 
WITHIN 5% 
SUBJECTS NO, O0.950-1.050 RANGI MEAN ANDS.D 

Normal adults aa | +f) O.863-1.168 1.033 + 0.075 

Zak, Brun, and Smith! 
Normal adults 12 O.SO4-1.269 1.114+70.115 

Bovarsky and Smith? 
Normal children 13 S 0.918-1.232 1.082 + 0.082 
Children with sickle cell anemia 16 7 O.954-1.268 LO + 0.086 


The inerease in plasma osmolality from the hydropenie state to the height 
of osmotic diuresis in the group with siekle cell anemia averaged approximate) 
19 mOsm. per liter (Table II!, Column 9). In spite of this marked increas 
in plasma osmolality, in none of these children were symptoms suggestive of 
elinieal crisis of sickle cell anemia produced. Although the duration of th 
elevated plasma osmolality was short, we feel that the magnitude of the in 
erease was sufficient to make it unlikely that a rise in plasma osmolality 1s 
factor in the occurrence of vaseuiar ocelusive phenomenon in siekle cell anemii 
That hyperosmolality plays a role in sickle cell erises is the assumption upo! 
which hydration therapy (oral or intravenous), a form of therapy of question 
able value, has been based. 

In those few individuals with siekle cell hemoglobin-C disease and. sick 
eell thalassemia in whom coneentration tests in the hydropenie state have be« 
performed, an impairment has been noted. In 3 children with sickle ce! 
hemoglobin-C disease we obtained maximal urinary osmotie concentratio 
and Ti, H.O values as follows: a 7-vear-old girl, 618 mOsm. per liter at 


6.35 ml. per minute per 1.73 sq. M.; an S-vear-old boy, 656 mOsm. per liter a 


» 


».7 ml. per minute per 1.73 sq. M.; and an 11-year-old boy, 5381 mOsm. | 
liter and 3.9 ml. per minute per 1.73 sq. M. In a 2'.4-vear-old ehild with pr 
able sickie cell-thalasser:ia (S-pattern on electrophoresis, hemoglobin 10 (1 


no sickling in peripheral smear, but some hypochromasia and ovaloeytosis 
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mother, sickle eell trait; father, not available) values of 758 mOsm. per liter 


and 6.3 mol. per minute per eB: Sq. M. were obtained, 


Thus, again, we have 
the findine of a normal T, 


H.O and a diminished maximum urinary osmotic 
concentration associated with a sickle cell disease state. (Table V.) 


DISCUSSION 
Our data suggest an incongruity in renal coneentrating power in chil- 
lren with sickle cell anemia, in that their maximal urinary osmotie concentra 
tion is reduced while the maximal rate of solute free water reabsorption 
achieved during osmotic diuresis, Ty, TL.O, is essentially normal. In order 
to develop a completely valid explanation for this 


apparent dichotomy we 
would need to know in detail: 


how renal coneentration is accomplished in 


normal individuals, how the pathophysiology of sickle cell anemia produces 


‘BLE Ve MAXIMUM URINARY OSMOTIC CONCENTRATION AND Ti HO IN THREE CHILDREN 
WITH SICKLE CELL—~HEMOGLOBIN-C) DISEASE AND ONE CHILD WITH 
SICKLE CELL—THALASSEMIA 


5 
MAXIMUM 6 rs Ho 


l 2 AGI 1 Foe MAXIMUM ML./MIN. 
BJECT SEX YEARS DIAGNOSIS MOsM./L. oe | ee 1.73 sq. M. 
A. D. I 7 Sickle cell-Ilb. © 61S 22 6.3 
W.P M S Sickle cell-Hb. © 656 A a7 
P. BB. M 1] Sickle cell-Hh. © Do | 1.8 3.9 
W.B M 2, Sickle cell thalassemia Jos 2:6 6.5 


nh impairment of the ability 


to attain a normal maximal urinary osmotic con- 
entration, and whether the 


factors which govern maximal urinary osmotic 
oncentration are identical with those controlling T,, ILO. Our present state 
i knowledge does not permit absolute answers to these fundamental questions, 
a definitive physiologic interpretation of our results cannot be presented. 
lowever, an analysis of the question raised by our observations is in order and 
the following discussion we will examine current hypotheses relative to normal 
nal concentrating mechanisms and the pathogenesis of sickle cell anemia 
s they pertain to our observations in an effort to define the problem and to 
the foundation for a specultive interpretation of our observations. 
Pathoge nNeSIS of Sickle Cell Anemia. 
arized by Smith and Conley," 


CMa are 


According to current concepts, stum- 
the pathologie manifestations of sickle cell 
the result of the presence of sickled erythroevtes in the cireulation 
d are mediated through 2 features of the intravaseularly sieckled erythrocyte. 
rst, siekled erythroevtes are mechanically more fragile than normal erythro- 
es and have a decreased life span in vivo of sufficient degree to prevent 
iintenanece of a normal hemoglobin level.!*-** Thus, individuals with sickle 
anemia are subject to all the pathologic features of a chronie hemolytie 
emia. Second, there is a tendeney for blood vessels to become plugged with 
kled cells, with the accompanying erythrostasis and/or thrombosis which re- 


ts in local isehemia or infarction.'> * The net effect of this so-called vaseular 
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occlusive phenomenon is that the tissues supplied by the involved vessels 
sustain anoxie damage. All of the other factors thus far delineated as playing 
a role in the pathologic physiology of sickle cell anemia, i.e., infection, pI 
changes, tissue oxvgen tension levels, ete.** 7 are secondary ones which op- 
erate through augmenting either the degree of intravaseular sickling, the rate 
of destruetion of the sickled cells, or the tendeney for the occurrence of vaseu 
lar ocelusion. 

Anemia can be immediately dismissed as a causative factor in hyposthenu 
ria, in that a similar impairment of renal coneentrating ability has not been 
discovered in other chronic anemias* and reduced maximal urinary osmotic 
concentration has been deseribed in individuals with siekle cell trait,’ * an 
entity in which anemia is not a feature. Thus by exclusion, we are left with 
the probability that the effect of intravascular sickling on renal concentrating 
power measured by maximal urinary osmotie concentration is mediated through 
dynamic alterations in intrarenal circulation or the production of anoxic dam- 
age to renal tubular cells. Ilow this might oeeur must be considered within 
the framework of the mechanies of normal renal concentrating activity. 


Normal Renal Concentrating Mechanism.—Current thought relative to the 
mechanism, by means of which a concentrated urine is elaborated, is based upon 
the action of the loop of Ilenle as a countercurrent multiplier svstem, as first 
proposed by Hargitay and Kuhn.** At least 4 different opinions have been 
published relative to the precise details of the operation of the countercurrent 
loop scheme." **-*" Tlowever, in each of these concepts a combination of 4+ vari 
ables at the renal level appears to play the major role in the determination of 
the ultimate maximal urinary osmotie concentration that is attainable. They 
are: (1) rate of medullary blood flow, (2) concentration and volume of fluid 
reaching the collecting ducts, (3) permeability of the renal tubular epithelium 
to water, and (4) amount of sodium reaching and transported by the loop 

Could intravascular sickling adversely affeet one or more of these factors 
in sueh a manner that solute free water reabsorption would be normal during 
osmotic diuresis and subnormal during hydropenia? We will consider thes 
factors individually to ascertain whether a reasonable speculation can be de 
veloped to aecount for our observations. 


Rate of medullary blood flow: To date, renal medullary blood flow has no 
been measured and, indeed, we have no sound basis for even the estimation of it 
magnitude, but theoretie considerations, as outlined by Berliner,’ suggest tha 
the level of urine concentration attainable is inversely proportional to t! 
square of the medullary blood flow. Just what effect intravaseular sicklin 
has upon renal medullary blood flow is an unknown quantity and complicati 
by the fact that total renal blood flow is increased in some ehildren with sick 
cell anemia,'® a finding that is unexplained and inconsistent with the vaseul: 
obstruction that we anticipate in sickle cell anemia. Even if medullary bloo 
flow is inereased in children with sickle cell anemia coincident with an inecrea 
in total renal blood flow, this would not serve as a likely explanation for t! 


coneentration defect in sickle cell anemia. In adults, the concentration defe 
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is evident, but total renal blood flows are normal or reduced.*° This leaves the 
unlikely possibility that an independent inerease in medullary blood flow (inde- 
pendent of total renal blood flow) is a consistent feature of sickle cell anemia, 
unlikely beeause the ultimate effect of intravaseular sickling in most organs 
is one of impaired circulation." 


Concentration and volume of fluid reaching the collecting ducts: If the 
fluid presented to the segment of the nephron (distal tubule and/or eolleeting 
duets) responsible for the elaboration of a concentrated urine is less con- 
centrated than normal or of inereased volume, it is conceivable that the max- 
imal concentration attainable could be deereased. This could 


be the result 
either of an elevated glomerular filtration rate or 


of a decrease in water and 
solute reabsorption in the proximal convoluted tubule. Glomerular filtration 
rate is inereased in some children with sickle cell anemia,'® but this is not a 
consistent finding (Table IL), and it is not present in adults with sickle cell 
anemia who are hyposthenurie. As to proximal tubular funetional impair- 
ment, other indices of tubular function at this level which have been measured 
are normal.' Of greater signifieanee is the probability that the cireumstanees, 
under whieh a ‘‘flooded’’ coneentrating mechanism would be most likely to 
occur, would be favorable during osmotie diuresis when the urine flow is high 
rather than during hydropenia when the flow is minimal. However, this is not 
in keeping with our data, for reabsorption of water in our subjects was normal 
during osmotie diuresis and decreased during hydropenia (Table I, Column 9). 
Therefore, a consideration of the concentration and volume of fluid whieh 
reaches the eolleeting duets does not provide us with the answer we are seeking. 
Permeability of the renal tubular epithelium to water: The role of mem- 
brane permeability to water is closely related to that of the antidiuretie hor- 
ione in the eoncentrating kidney. The assumed function of the antidiuretic 
ormone is to render various segments of the renal tubular epithelium per- 
wable to water.’? Membrane permeability and/or the response to antidiuretic 
ormone could be impaired by anoxic damage secondary to the vascular ocelu- 
ve effeets of sickle cell anemia. Indeed, evidenee that there is a decreased 
esponsiveness to injected Pitressin has been reported. Kunz and co-workers! 
nd MeCrory and associates? found that when Pitressin was injected during a 
ater diuresis in children with sickle cell anemia the magnitude of antidiuresis, 
e duration of antidiuresis, and the level of urine osmotie concentration at- 
ined were abnormal in the majority of the children studied. Ilowever, find- 
e decreased responsiveness to Pitressin does not necessarily imply that this 
a primary factor in the concentrating defect, since the findings ean be in- 
rpreted as simply reflections of a concentrating defect on another basis. 

If the renal tubular epithelium were less permeable to water or less re- 
ionsive to antidiuretie hormone, this impaired ‘‘permeability’’ would be more 
ident at high rates of reabsorption. Again our data indicate that the reverse 
true; water reabsorption is normal at high rates of urine flow and reduced 
ien the rate of urine flow is minimal. 
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To achieve a normal Ts IL.0 a full response to antidiuretic hormone must 
occur and some investigators,'® “' to insure this, have infused Pitressin while 
measuring this moiety. The finding of normal Tm HILO in children with sickle 
cell anemia, without infusion of Pitressin, is further evidenee that altered 
membrane permeability (or diminished response to antidiuretic hormone) is 
not a likely explanation for our observations. 


Amount of sodium reaching and transported by the loop: Since the level 
of hypertonicity, established in the renal medulla by the deposition of sodium 
salts, determines the amount of water that will diffuse out of the colleeting 
ducts, the amount of sodium reaching and transported by the loop is a primary 
factor in the determination of the maximal urinary osmotie concentration. We 
have no data which indicate that the amount of sodium delivered to or trans 
ported by the loop is diminished in sickle cell anemia. We SUpPpose, however, 
that the renal epithelial cells of the loop sustain anoxie damage secondary to 
the vascular oeclusive phenomenon associated with intravascular sickling, so 
that the renal tubular mechanism, by which sodium is transported from the 
ascending loop, is impaired. The results of this impairment would be failure 
of the medullary interstitium to attain as high a level of hypertonicity as 
would be attained in the normal kidney and reduction in maximal urinary os 
motie concentration. This would be a feasible explanation for an impairment 
of maximal urinary osmotie concentration, 

Can we now account for a normal Ta H.O? We know that during osmotic 
diuresis, induced by the intravenous infusion of mannitol, there is a deerease 
in tubular reabsorption of sodium with a progressively increasing rate of so 
dium exeretion by the kidneys.°*"! It is conceivable that, as a result of this 
increasing sodium exeretion, less sodium is transported to the interstitium and 
the degree of hypertonicity in the renal medulla is normally less during os 
motie diuresis than during antidiuresis. (Crawford, Parisi, Meara, and Terry 
have reported that this is true in rabbits.) If this is so, the amount of sodium 
transported and the level of hypertonicity attained normally during osmotic 
diuresis might be well within the capacity of the damaged tubular cells of in 
dividuals with sickle cell anemia, thus Tm H.O would be within normal limits 
(Considerable additional information must be available relative to beth norma 
humans and individuals with sickle cell anemia before this speculation can hx 
accepted; however, at the moment it appears to be an explanation that is i 
agreement with current concepts. 

One final factor relative to an explanation for our data deserves considera 
tion. In order to compare To HL,.O in the 2 groups of children, we have fo 
lowed the conventional practice of correcting the observed data to 1.73 sq. M 
of body surface area. Recently the validity of relating physiologic function 
to surface area has been challenged by Oliver, Graham, and Wilson.** Tl 
objeetions raised by these authors were: (1) it has not been adequately den 
onstrated that the rates of various physiologic funetions are proportional 1 
surface area, and (2) the values commonly used for surface area are ne 


accurately measured but are estimated from normograms. In a more rece! 
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editorial, Forbes** points out that values corrected by means of raising a variable 


to the nth power (as is done in the method we used for surface area estimation ) 
tend to decrease the variability of the observations thus corrected. Finally, 
according to the earlier data of Boyd, younger children introduce a larger 
correction error than do older children. 


The question arises as to whether the utilization of surface area as a ret 
erence standard has artificially raised the T), H.O values for the group with 
sickle cell anemia into the normal range. 

In comparisons of renal clearance in individuals of different sizes, the need 


for some reference standard is clearly indicated. It has been a widely accepted 


and utilized practice to correct renal clearance data on the basis of surface area. 


In an effort to arrive at the best reference standard for comparisons of 
renal funetion studies in children with 


those in adults, Rubin, Bruek, and 
Rapoport’” 


related glomerular filtration rates to body height, body weight, 


kidney weight, and surface area. These investigators found that the best cor- 


relation with adult values was obtained when kidney weights were used as the 
reference standard, in spite of the fact that the kidney weights used were not 
measured but obtained from data in the literature. When body weight was 
utilized the values were considerably above the adult range in children up to 
3 vears of age. When surface was the reference unit the values for glomerular 
filtration were low in children in early infaney and reached the adult range by 
the end of the seeond vear of life. 


The finding of renal clearance values consistently in the adult range in 
children above the age of 2 vears when surface area is used is of significance 
in consideration of our data. Children with sickle cell anemia commonly show 
a retardation in growth, henee, when a ehild with sickle cell anemia is com- 


pared with a normal child of the same age, a larger correction factor would 
«© employed. Ilowever, since above the age of 2 vears other measured renal 
‘learances reach an adult level when corrected for surface area it appears that 
ve per se is not a significant factor in the age range used in our study. The fact 
iat the children with sickle cell anemia have smaller surface area and, henee, 


rger correction factors is not likely to affect spuriously their T,, H.O values 


iy more than it affects the values of the normal children who were of vary- 
ig Sizes. 


Ilomer Smith*® has econeluded, from an appraisal of the various bases upon 
hich renal funetions in individuals might be compared, that ‘‘the surface area 
isis of comparison cannot be improved upon at the present time.”’ 

suggest 


Although 
that an unreliable standard is better than none is not warranted, 
iving presented the limitations and objections involved, we feel justified in 
porting and interpreting our data on the basis of a standard, i.e., surface area, 
iich has vielded a wealth of reasonable and acceptable data relative to renal 


netion in children. We must conelude that the use of surface area as a eor- 
etive factor does not account for the normal T» H.O values in children with 
‘kle cell anemia. 
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SUMMARY AND CONCLUSIONS 


1. Solute free water reabsorption during osmotic diuresis (Ta T1.0) was 
nd to be substantially normal in 16 children with sickle cell anemia, in spite 


of a definite reduction in maximal urinary osmotie concentration, 


2. A similar picture was present in 3 children with sickle cell-hemoglobin-C 


disease and in 1 ehild with sickle cell—thalassemia. 


, 


3. Speculation as to a possible explanation for this dissociation of renal 


water reabsorptive ability as indicated by these 2 indices has been presented. 


pol 


4. TT), HLO values in 12 normal children are in agreement with those re 
‘ted in normal adults. 


5. It is improbable that an inerease in plasma osmolarity plays a role in the 


vasenlar-oeclusive phenomenon in sickle cell disease states. 


of 
for 


IS 
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LABELING OF RED BLOOD CELLS WITIL RADIOACTIVE 
DITISOPROPYLELUOROPILOSPILEATE (DEP): EVIDENCE 
FOR AN INITIAL RELEASE OF LABEL 


PETER FE. Huortr, M.D..* HeLen Parutrcuis, B.S... AND BARBARA CHENEY, M.A. 
SEATTLE, WASH. 


ADIOACTIVE diisopropylttuorophosphate (DEFP**) has been frequently 

used as a label for blood cells and proteins. It is a basic assumption that 
DEFP* is irreversibly bound to a protein site, no label being released until the 
protein breaks down. Contrary to this assumption, we observed that there is a 
definite and, sometimes, a marked release of the label from red cells during a 
short period after the labeling. Bove and Ebaugh' and van Putten® have 
reeently reported similar findings. 

The practical use of DFP as a red cell tag depends, to a considerable 
degree, on its behavior during the first few days after the labeling, and also 
on its suitability as an in vitro tag. Therefore, these two questions were 
investigated in the present study. 


MATERIALS AND METHODS 


In vivo experiments in man were carried out in male medical students without anemia 
For animal experiments we used Sprague-Dawley rats weighing 300 to 400 grams, and either 
sex of white New Zealand rabbits weighing about 2,000 grams. 

Nonradioactive DFP was synthesized by Dr. Fischer in the Department of Biochemistry, 
University of Washington. It was assayed by a modification of the method of Marsh an 
Neale® suggested to us by Dr. Dixon in the same department.+ The result was checke 
against the total phosphorus content in the preparation, and the DFP by these measurements 
proved to be at least 95 per cent pure. It was dissolved in water-free propylene glycol t 
a concentration of 400 wg per ml. 

Radioactive DFPs2} was diluted in water-free propylene glycol. The concentration o 
DEPS2 and the total phosphorus content were determined in the same manner as were thos 
of the nonradioactive DFP. The radioactivity was determined by comparison with standard 
of similar energy. These measurements were made 2 to 3 days after the synthesis. Tl 
purity in terms of phosphorus was found to be 70 per cent or better, and the specific activit 


was 150 to 200 we per mg. The ampules were stored in the cold, and the DFP82 was ust 
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numediately after the ampules had been opened. The experiment in Fig. 4 was made with 
ne bateh of DFP: from The Netherlands. Kleven days after synthesis the purity in 
terms of phosphorus was 70 per cent, and the specific activity was 130 we per mg. 

Radioactive Diisopropylphosphate (DIP32).—DFP was hydrolyzed in 1:10 v/v of IN 
NaOH for 30 minutes at room temperature. No DEFPs2 could then be detected, and the 
solution was adjusted to physiological pH and ionie strength before injection. 


Radioactive chromium Na.Cr Q),)7 had a specific aetivits of 30 to 40 we per mieroprannt 
Cr. It was dissolved in saline. 

Labeling in vivo was done by intramuscular injection in rats and by intravenous in 
ections in humans. 

Labeling In Vitro. Citrated blood containing 1:10 v/v of 3.138 per cent sodium 
citrate dihydrate) or ACD blood was centrifuged at 1,500 r.pm. (900 g) for 10 minutes at 
1° CC. The plasma was disearded, the red cells were washed once in a volume of saline equal 
to the plasma volume, and resuspended in saline to a hematocrit of about 60, After 
incubation with DFP*2 in a stoppered vessel, the cells were washed twice in saline (unless 
otherwise stated). In some experiments Cro! in a concentration of less than 0.10 yg per 
milliliter red eells was added before incubation. For transfusion, the red cells were re 
suspended in saline to the original volume of blood. 

Collection of Blood Samples After Labeling—Wuman blood was drawn by venipuncture 


into dried oxalate mixture, 2 me. per milliliter blood.4 Rabbit blood was collected from ear 
veins or by heart puncture; the same anticoagulant was used. Rat blood was collected from 


vena cava; 1:20 v/v of 5 per cent sodium versenate was used as anticoagulant.5 


Processing of Blood Samples—One milliliter whole blood was mixed with 9 ml. 0.9 per 
ent saline and centrifuged at 1,200 rp.m. (340 @) for 5 minutes. The supernatant was 
scarded, the washing was repeated twice, and the red cells were suspended in saline to 
to 10 ml. volume, depending on their radioactivity. 

\liquots oft red eells were also precipitated with trichloroaecetie acid TCA). The 
ashed red cells from 1 ml. blood were suspended in 1 ml. saline, and 2 ml, 20 per cent TOA 
us added. Fifteen minutes later, the precipitate was sedimented by centrifugation for 3 
nutes at 1,000 rpm. (235 ¢@), washed 2 times in 5 ml. portions of 10 per cent TCA, 
ssolved in 2 ml. 2N NaOH, and made up to 3 to 10 ml. volume with saline. 

Hematocrit was measured in a Wintrobe tubet after centrifugation at 3,000 r.p.m. 


110 @) for 30 minutes. 


Measurement of the Radioactivitu.—One to 2 mil. of the sample wis pipetted into 
nuting planchets, 0.2 to 0.6 ml. O.IN NaOH was added,6 and, a few minutes later, 1 ml. 
radioactive blood was added. The internal diameter of the planchets was 24 mm., and 
dry weight of the samples was 300 to 600 mg. The samples were dried at room tempera 

re and counted in an end window Geiger Muller counter. A total of 4,096 counts were 
piled for each sample. The background radioactivity was 24 to 26 and 14 to 16 ¢.p.m. 

the 2 counters used. The samples gave at least 50 net counts per minute. In some 

eriments the aetivity was lower, ahd 10 ml. liquid samples were then counted in a Veall 
The baekground radioactivity was here 9 to 14 e.p.m., and at least 2,000 counts were 

piled for eaeh sample. The Cr51-labeled samples were pipetted into counting vials, 1 to 


l. in each, and counted in a®scintillation well counter. The background radioactivity 


3 to 90 and 54 to 58 ¢.p.m. in the 2 counters that were used. At least 4,000 counts 
compiled for each sample. Correction for physical decay was made on the basis of the 
y of standards of DFP%82 and Crt which were counted with the samples. In some 
eriments it was necessary to correct for cross-counting between the 2 isotopes: the Cr51 
t had to be reduced with 6 per cent of the DF P82 count, and the DFP%2 count with 
per cent of the Cr51 count. When the activity was referred to red cells, the results were 
‘cted for variations in the hematocrit. 

*Supplied by Dr. J. A. Cohen, Medical Biological Laboratory, National Defense Council, 


vijk, The Netherlands 
jRadioactive chromium was supplied by Abbott Laboratories, Oak Ridge, Tenn. 
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RESULTS 
DFP” Binding Capacity of Red Cells In Vitro—DFP combines only with 
certain proteins,” * and red cells should, therefore, have a limited capacity for 
carrying DEP in an irreversible bond. To evaluate this capacity, aliquots 
of 1 ml. human red cells were incubated for 15 hours at 4° C. with varying 
concentrations of DFP*. The red cells were then washed 3 times in 10 ml. 
saline, and aliquots were treated with TCA to eliminate nonprotein-bound DFP’. 
Fig. 1 shows the result of this experiment. There appears to be a relative 
saturation point at 0.14 pe DFP per milliliter packed red cells, at which point 
about 90 per cent of available DF P*? was bound. When the amount of DFP* 
was increased above this point, the relative uptake decreased, and part of the total 
uptake was no longer bound to proteins. The protein-bound DEP continued 
to inerease, and in a straight line fashion with increasing amounts of DFP”, 
but the slope was now less steep, suggesting a different type protein-binding. 
Identieal results were found when human red cells were incubated at 37° © 
for 1 hour. Similar saturation levels and slopes were obtained with rabbit and 
rat cells. 
~ IN VITRO LABELING OF RED CELLS WITH DFP32 


Incubation: 4°C./20 hours 
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Fig. 1 In vitro labeling of human red cells with DFP. The total activity recovered is 
sum of the activity of the pooled washwaters and the activity of the red cells 















Evidence for Red Cell Saturation In Vivo. 
by 2 intramuscular injections of nonradioactive DFP (400 pe per kilogra) 


One group of rats Was prepa! 


13 and 7 days prior to injection of radioactive DFP** (180 pg per kilogra! 
The red cell uptake of radioactivity by this loaded group was compared to 4 


» 


normal group (Fig. 2). Despite similar hematocrits in the 2 groups (4! ! 
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and 46.6), the uptake was 5 to 6 times greater in the unloaded group. This 
indieates that the loaded group had only 17 to 20 per cent of the normally 
available binding sites. The rat’s red cell life span is estimated to be 60 days, 
so that 12 per cent new cells should have been formed after the last injection 
of nonradioactive DEP. Therefore, the nonradioactive DEP very nearly satu- 
rated ved cell binding sites at the time of its injection. 

Karly Loss of Label After In Vivo Injection.—In both groups of rats (re- 
ported in previous paragraph) there was an initial drop of approximately 50 
per cent in red cell radioactivity during the first few days after in vivo label- 
ing. This drop could not be explained by red cell destruction, since the hemato- 
erit was stable. Nor could it be explained by contamination with white cells or 
platelets, since platelets carry only about 0.3 per cent” and white cells about 
0.5 per eent,® of the total radioactivity in blood shortly after the injection of 
DIP’. Therefore, the drop must be due to a loss of label from the red cells. 
our fifths of this loss as determined by TCA precipitation was protein-bound 
DFP’, 

The early loss following intramuscular injection of large doses in rats 
lasted for about 5 days, and about 75 per cent of the 1 hour activity was lost 
during this period (Fig. 3). 


1000 ; j | 
600, 1 





S| 











600 . 
Se 

400 > 
2& ~~ eects 
3 , So 
3200 Previously not inj. 
s |} 
= % 
oe, 
2” Sa, 
E "| a ae ae 
at eee “Tt 
= © Nt a. 
7 ~~ 
_ i 
Oo reviously inj. 
40 yey 

= 

0 2 4 6 8 10 


Days after injection of oFp32 


Fig. 2.—The effect of preliminary loading with nonradioactive DFP: red cell radio- 


ity after intramuscular injection of DFP® in 2 groups of rats, one of which had_ been 
ously loaded with nonradioactive DFP. Each point represents 1 rat. Semilogarithmic 
is used to facilitate comparison of the 2 groups 

* e radioactivity of washed red cells. 


--<2-% radioactivity of washed and TCA-treated red cells. 


To determine whether this loss of label could be avoided by using a very 
\| dose, 32 pg, representing about 5 pe DEFP**, was injected intravenously 
»}2 human subjects. Five minutes later, 16 and 17 per cent of the injected 
was in circulation, and 82 and 86 per cent of this was earried by the red 


© s. (These ealeulations are based on an assumed blood volume of 5,000 ml.) 
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ig. 4 shows that there was a loss of about 20 per cent of the activity during 


the first 24 hours from washed red cells, and about 15 per cent from their 


precipitated proteins. Thus, the loss is smaller and lasts for a shorter time, but 


eannot be avoided. 
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Fig. 3 Radioactivity of washed red cells after intramuscular injection of DFP in rats Poete 
point represents 1 rat 
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Fig. 4 Intravenous injection of «a small dose (32 we or 5 ye) of DFP into a healtl 


volunteer. 


Transfusion of Red Cells Tagged In Vitro With DF P**.—Rabbit erythrocyt: 


were incubated overnight at 4° C. with 10 times the saturation dose of DFP 
The following morning, 90 per cent of the activity was removed by washin 
so that the amount transfused corresponded approximately to the in vit 


saturation level. The cells were also tagged with Cr before transfusio 
During the first 21 hours after transfusion the Cr*! aetivity dropped to 80 } 


cent of the 5 minute value, whereas the DFP* activity dropped to 52 per e¢ 
(Fig. 5). These studies indicate that there may be some red cell destructi 
after incubation with high levels of DFP**, but the loss of DF P** was far 
exeess of the loss of red cells as determined by the chromium tag. 
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A similar study was performed in man, using the smallest possible amount 
of DEP per milliliter red cells. The red cells from one unit (450 ml.) of 
blood were incubated tor 1 hour with DFP in a concentration of 0.1 to 0.5 pe 
per milliliter red cells and with Cr’! in a concentration of less than 0.10 pe 
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Fig. 5 Transfusion of washed rabbit red cells labeled in vitro with 1.2 ng DFP and 0.08 yg 
Cre per milliliter packed cells. The curves represent the activity of washed red cells 
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Fig. 6 Transfusion of washed human red cells labeled in vitro with 0.30 pg DEFP*? and 


! wx Cr per milliliter packed cells. 
radioactivity of washed red cells 
2. radioactivity of washed and TCA-treated red cells. 

milliliter red cells. About 30 to 60 per cent of the DE P* and 5 per cent 
the Cr? activity were lost in the wash. The washed cells were transfused back 
» the donors, and the radioactivity of the red cells followed during 8 days. 

transfused cells showed an early loss of DFP** in excess of the Cr°! loss. 

6 shows an experiment with 0.30 ng DFP per milliliter red cells. The 
s lost 40 to 50 per cent of their DFP* aetivity during the first day. There 
+ no detectable loss of Cr°'. When only 0.10 ne DEP was used per milliliter 
cells, the early loss in DF P*? was about 20 per cent. 

Injection of Iydrolyzed DFP” (DIP ).—One possible explanation for 
early loss of label would be that part of the DFP* preparation had been 
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hydrolyzed to DIP’. To test this possibility, DIP®* was injected intraperitone | 


ally in rats in doses corresponding to 130 ”.@ DEP’ per kilogram. The rats 
were killed at intervals, and their red cells were examined for radioactivity. 
As shown in Fig. 7, the saline-washed red cells contained detectable radioactivity 
for & hours after the injection, but the TC A-treated cells were free of activity 
Similar results were found in rabbits. These experiments suggest that the 
protein-bound radioactivity in previous experiments Was originally present in 


the preparation as DFP 
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DISCUSSION 





DEP* is considered to be irreversibly bound to proteiis. Elution is, ther 





fore, thought to be impossible, ?°"* and several investigators found no indic 


tion for elution from red eells.'*''*  Tlowever, Bove and Ebaugh,' and v: 
Putten, have recently reported an unexplained early drop in the red cell | 
span curve. We have confirmed this, and have shown that the drop is due 
a release of label from the cells, i.e., to elution. 

Our in vitro experiments showed that red cells have a limited capacity 
earrying DFP*, and 0.14 »@g per milliliter packed red cells appears to be 
saturation dose. The uptake was about 90 per cent with this dose. The 
vitro uptake depends on the dose of DFP** and on the treatment of the « 
before assay (Fig. 1). The different uptakes reported in the literature," "' ; 
therefore, not at variance with our findings. 
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lution might be explained by at least 4 different mechanisms : 


1. Ove rloading. Since the in vitro experiments showed that red cells could 


be overloaded, we first thought that elution was always due to this mechanism. 
Ilowever, elution takes place even after extremely small doses of DFP**, and 


the results with the TCA-treated cells confirmed that some of the protein-bound 


label was lost. Therefore, elution is not due to overloading only, and it eannot 


he avoided I using small doses. 


Ilowever, overloading leads to different types 
of binding and to inereased elution. In agreement with this rule, Bove and 
Kbaugh'? found that 90 per cent of the activity (of saline-washed red cells) 
disappeared in 24 hours after transfusion of red cells labeled in vitro with 2 


vg DEP per milliliter blood. The risk of overloading is great when cells are 


labeled in vitro, when large doses are injected, and when preliminary blocking 
doses of novradioactive DEP are used. 


2 Radioactive Contaminations.—P 


was the only radioactive material 
present in the DFP 


preparation, since the decay curve corresponded exactly 
to the expected curve for P Inorganic phosphorus was probably not present, 
since the last step in the production of DFP is a distillation. Several or- 
vanie phosphorus compounds might be present, but this is not a likely explana- 


tion, sinee hydrolvzed DE P** failed to label red cells (Fig. 7). We also observed 


elution after injections of small doses of DEP’? preparations in which the total 
phosphorus corresponded closely to the amount of phosphorus to be expected 


from the DFP eontent. Therefore, elution is probably not due to contamina- 


on with non-DFP* radioactive compounds.  Ilowever, the possibility of 
contamination calls for better standardization of the DFP 


preparations, and 
e have recently diseussed this problem." 


To avoid overloading, it is necessary 
to have well standardized preparations. 


» 


oO. Prote in Absorption on Red C'¢ Ils. 


The results could be explained by 
eC hypothesis that DFP* 


is in part attached to a protein on the red cell surface, 
hich has a more rapid turnover than the red eell itself. This would not be 
ie elution and would be compatible with the assumption that the binding of 
IP to proteins is irreversible. From a practical point of view, however, this 
iv be considered elution of label from the cells. 


4. Fluorophosphatase.—The label might be split off by a specific mechanism, 
d the red cells do contain small amounts of this enzyme.’ If this should 
the mechanism of elution, it is difficult to see why the elution would stop 


er a few days. 

We have not been able to elucidate the mechanism of elution, but the practi- 
conelusion is that DFP** does elute from the red cells during a short period 
er labeling. Beeause of this elution, DF P** should not be used for studies of 
cells with rapid turnover, since the results would then be grossly influenced 
elution. For red cells with a more normal turnover, however, the early elu- 
will not disturb the results, sinee there is probably no elution later on.? ? 


SUMMARY AND CONCLUSIONS 


l. 


In vitro experiments show that red cells ean earry only a limited amount 
radioactive diisopropylfluorophosphate (DF P**). When the dose exceeds 0.14 
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vg DEFP*® per milliliter packed human red cells, the uptake is incomplete and 
there are apparently several types of binding. 

2. After injection of DEP the red cell activity drops rapidly during an 
initial period, followed by a slow and constant disappearance. The early drop 
is caused by a loss of both protein-bound and nonprotein-bound label from the 


cells. This elution takes place even after very small doses of DIFP? (32 ne in 
humans). 

4. Red cells were labeled in vitro with small amounts of DFP* and Cr 
and were then transfused back into the donors. The early drop in DEP 


1 


greatly exeeded the drop in Cr*', an indieation that DFP’? was lost by elution 


4. The mechanism of elution is unknown, but it is not due to radioactive 
contaminations. It is greater after large doses of DEP”, probably heeause ol 
overloading. 

5. Beeause of elution, the results are erratic during the first 1 to 3 days, 
and DFP*® should not be used as a red cell tag when this period is important 
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GLYCOLYTIC, CITRIC ACID CYCLE, AND HEXOSEMONOPHOSPHATE 
SHUNT ENZYMES OF PLASMA AND ERYTHROCYTES 
IN MEGALOBLASTIC ANEMILA 


PauLt HELLER, M.D., H. G. Wertnstern, M.S., MicHAEL West, M.D., 
AND HlyMAN J. ZIMMERMAN, M.D. 


CHicaco, Inu. 
REVIOUS studies in this laboratory’? have shown that patients with 
megaloblastie anemia have elevated serum levels of lactic dehydrogenase 


and normal levels of glutamie oxaloaeetie transaminase. It was assumed that 


the souree of the increase of lactie dehydrogenase in the serum is the ervthroevte 
nd its precursors in the characteristically hypereellular megaloblastic bone 
marrow. An increased enzyme content of the megaloblastie cells was considered 
possible in view of the known inereased elycolytie activity of immature 
and neoplastic cells. 4 


to be 


It appeared to be of interest to study other enzymes 
of carbohydrate metabolism in the serum or plasma, the red blood cells, and the 
hone marrow of patients with megaloblastie anemia. 


Representative enzymes of the glycolytic pathway, citrie acid evele, and 
e hexosemonophosphate shunt were seleeted for analysis. 


Of the 6 enzymes 
studied, lactie dehydrogenase (LD), 


malie dehydrogenase (MID), and 6-phos- 
hhoglueconie dehydrogenase (6-PGD) showed the highest plasma levels, while 


e levels of isocitrie dehydrogenase (ICD), aldolase (Ald.), and phospho- 
xoisomerase (PILL) were inereased to a lesser degree. The peripheral erythro- 
es showed only minor abnormalities in enzyme content. The bone marrow 


alvsis was uninformative beeause of technical difficulties. 


METHODS AND MATERIAL 


Sixteen patients with megaloblastic anemia in relapse were examined, AIL had anemia 


The red cell concentration ranged between 800,000 and 2,400,000 


le time of initial study. 


cubie millimeter, hematocrit measurements between 9 and 26 per cent, and hemoglobin 


ws between 4 and 9.5 Gm. The bone marrow was megaloblastic in all patients. The 
me determinations were performed before therapy was started. In 7 patients the de 
inations were repeated during the recovery phase. The diagnosis of Addisonian anemia 
made in 7 patients on the basis of the demonstration of the characteristic defect in 
rption of Co6°-eyanocobalamin; in 2 additional patients this diagnosis was established 
the clinical data, but absorption studies were not performed. One patient had a total 
‘ectomy because of carcinoma; 2 had the ‘‘malabsorption syndrome’’; in 3 patients the 
aloblastie anemia was associated with severe malnutrition and chronie alcoholism; 1 
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ital, and the Departments of Medicine, University of Illinois College of Medicine and 
igo Medical School, Chicago, Ill. 
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patie iad the rare combination of megaloblastie anemia, sickle cell-thalassemia, and a 
transient extracorpuscular hemolytie process. This patient, who also had severe alcoholism, 


was observed 


n relapse on 2 oveasions, and has been the subject of a separate report. 
Platelet-poor plasma was prepared from venous blood rendered noncoagulable by 10 
per cent EDTA 0.15 ml. per 10 mi. of hlood). The blood was centrifuged for 30> minutes 


at 2 to 5° C. and 1,400 g. A red cell sample, minimally contaminated with leukocytes o1 


platelets, was obtained by careful pipetting from the lower half of the packed erythrocytes 
The cells were washed 3 times with physiologic saline; after the last wash, a 0.5 ml. aliquot 


of the paeked cells was resuspended in 4.5 ml. of physiologic saline solution and was counted, 


Hemolysis was produced by freezing and thawing. The sample was then homogenized i! 
a Potter-Elvehjem homogenizer, and the stroma was removed. No enzyme activity could be 
detected in the stroma. The majority of the samples were examined immediately. An 


occasional one was frozen at 10 (. and studied several days later. 

In a few samples, as indieated in Table III, the enzyme activity was determined in 
serum as it had been done in our previous study.1.2 Subsequently, in our laboratory, thi 
enzyme values in plasma have been found to be somewhat lower than in serum (‘Table 1 
and the standard deviations of the normal mean greater in serum than in plasma. Beeause 
of these observations platelet-peor plasma was considered preferable for the enzyme analysis 
of this study. 

The enzyme determinations were performed according to standard methods with minor 
modifications, The enzyme values in the plasma were expressed as millimicromoles of on 
of the reaction components per milliliter per minute. All reactions took place at 87° C. 

For the measurement of lactie dehydrogenase the method of Neilands? was adapted 
to plasma and hemolysates. A 3.0 ml. reaction system in 1 em. cuvettes was employed 
\ previously desceribed2 modification of Neilands’ method was used for the determinatior 
of this enzyme in the serum of 8 patients (Table IIIT). The method of Ochoas was used 
for the determination of malie dehydrogenase. For the measurement of 6-phosphoglucon 
N Wolfson and Williams 


\shman® were employed. The micromethod of Lowry! was modified to permit the determin: 


dehydrogenase and isocitrie dehydrogenase the methods deseribed 1 


tion of aldolase activity in 0.1 ml. of the enzyme souree.t1) Bodansky’s method12 was used 
for the determination of phosphohexoisomerase. The activity of this enzyme was expresse 


as millimicromoles of fructose 6-phosphate per milliliter per minute. 


RESULTS 





The normal mean values for plasma and erythrocyte concentration 0! 
enzymes are listed in Tables I and II. The results were considered abnormal! 
only when they fell beyond 3 standard deviations of the normal mean value. 

Enzymes in Plasma. 

General: The levels of the 6 enzymes determined were elevated in most 0 
all patients studied. Most marked were the elevations of LD, MD, and 6-PGD 
Levels of ICD, Ald., and PHI were less strikingly and less consistently elevat: 
(Table IIT, Fig. 1). In the 7 patients whose plasma enzymes were determin 
after initiation of therapy, diminution of the enzyme values was observ: 
(Fig. 2) in most eases. 

Lactic dehydrogenase: The level of this enzyme was found to be signi 
‘antly increased in all 12 patients in whom the plasma level was determin: 
and in the 3 patients in whom the serum values were obtained. The high« 
level was more than 60 times the normal mean. The enzyme level diminish: 
in 5 patients after initiation of therapy. In the patient with sickle cell thi 
assemia, who also had a transient extracorpuscular hemolytie process, the valu 
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remained abnormal throughout the period of study (120 days). At the time 
the second value was determined he was recovering from viral hepatitis. 

Walic dehydrogenase: The plasma level of this enzyme in all patients was 
above the upper limit of normal. One value was 400 times the normal mean. 
The other values were distributed between 214 and 46 times the normal. In 
» patients whose plasma was tested after initiation of therapy, marked reduction 
of the plasma content was noted (Fig. 2). In only 2 the levels remained 
slightly increased ; one of these was the patient with the sickle cell thalassemia. 

6-phosphogluconic dehydrogenase: In all 11 patients whose plasma was 
tested for this enzyme the level was significantly elevated, ranging from three- 
to twenty-two-fold inereases. In 4 out of 5 patients the levels became normal 
with recovery. In one patient, tested 5 days after start of therapy, the enzyme 
evel remained slightly elevated. 

Isocitric dehydrogenase: The ICD plasma level was determined in only 8 
patients during relapse. In 4 patients it was significantly elevated. The highest 
evel was only 5 times the normal mean. During the recovery phase the enzyme 
level remained shehtly abnormal in only 1 patient. 

Aldolase: The level of this enzyme was determined in all 16 patients. In 
I? patients it was slenificantly elevated. The highest level was 17 times the 
normal mean. In 6 of the patients who were tested after start of therapy the 


evel beeame normal with recovery; in 1 it remained slightly elevated. 


TABLE IT. MEAN ENZYME VALUES IN PLASMA* AND SERUM* OF 32 NORMAL SUBJECTS 


PLASMA SERUM 
ENZYME +1 S.D.) t +1 S.D.)1 
Lactic dehydrogenase 82.0 (+19) P <0.001 105.0 (+29) myuM 
(LD) DPN.H/ml./min. 
Malice dehydrogenase 92.0 (£12 P <0.001 79.0 (+38) mpM 
(MD) DPN/ml1./min. 
6-Phosphogluconie 16 (40.8) P <0.001 3.2 (+2) muM 
dehydrogenase TPN.H/ml./min. 
(6-PGD 
lsoeitrie dehydrogenase sa (216) P < 0.001 5.7 (42.9) muM 
(ICD) TPN.H/ml./min. 
Aldolase 18 (40.7) P <0.05 2.4 (+0.9) muM 
( Ald. F-1.6-P/ml./min. 
Phosphohexoisomerase 30.0 (+14 P <0.001 54.0 (+25) muM 
(PHT) F-6-P/ml./min. 
EDTA (0.15 ml. of a 10 per cent solution per 10 ml. of blood) was used as anticoagulant. 


qual amount was added to serum.’ 
Values were calculated by the method of Student 


TABLE II. MerAN ENZYME VALUES IN ERYTHROCYTES OF 20 NoRMAL SUBJECTS 


PER 106 ERYTHROCYTES PER MG. HGp. 
ENZYMI (+1 S.D. (+1 S.D.) 
LD 19 (+0.5 60.0 (+18) muM DPN.H/min. 
MD 5.0 (+0.6 160.0 (+24) muM DPN/min. 
6-PG)D 0.1 (+0.025 3.0 (40.8) muM TPN.H/min. 
ICD 0.016 (+0.01) 0.5 (40.2) muM TPN.H/min. 
Ald. 0.04 (+0.01) 1.2 (40.36) myuM F-1,6-P/min. 
PHI 0.9 (+0.23) 30.0 (+6.9) myM F-6-P/min. 


Hemoglobin determined in hemolysate with the method of Drabkin."™ 
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Phosphoheroisomerase: The level of this enzyme was measured in the 
plasma of 13 patients. The values ranged from 12 to 300 muM of F-6-P per 
milliliter per minute. It was significantly elevated in only 6 patients. The 
maximal elevation was 9 times the normal mean. The enzyme level was found 
to be normal during the phase of recovery in 5 patients. A significant rise was 
observed 5 days after the start of therapy in 1 patient, although the levels of 
the other enzymes had deelined. 
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Plasma enzymes in megaloblastic anemia in relapse, plotted as multiples of 


normal 
mean *+2&S8.D. Cogarithinic scale), 


Erythrocytes.—Only minor abnormalities were detected in the enzyme 
ent of the erythroeytes (Table IV). The values for MD showed the greatest 
ation from the normal. Nine of 16 patients tested had inereased values, 
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the highest of whieh was 7 standard deviations above the normal mean. The 
next most frequent abnormality was observed with LD; 5 values were slightly 
abnormal. The eryvthroeyte level of 6-PGD was found to be minimally elevated 
in only 1 of 8 patients tested. Ald. and ICD were normal in all patients tested. 
ive of 15 patients tested had minimal PHI elevations. When the enzyme 
content was calculated per milligram of hemoglobin, these values tended to be 
less abnormal beeause of the macroeytosis. 

In 6 patients the enzyme content of the red cells was determined during 
the recovery phase. Except for 2 MD values and 1 LD value, which remained 


slightly elevated, results of these determinations were normal. 


LD MD 6-PGD ICD Ald. PHI 






D MD 6-PGD ICD Ald PHI 











AS S 
2nd determination 22 days after 2nd determination after 120 days 
start of therapy Pt. recovering from viral hepatitis 
400 
195 
Na 5.3 
53 us N42 
and determination during 
remission (160 days) 
955 
wi. |Nz7es 42° 
72 2.8 3.0 
2nd determination 5 days after and determination 6 days after 
start of therapy start of therapy 
Fig. 2 Plasma enzyme values in megaloblastic anemia before and after treatment. 


DISCUSSION 

Elevated levels of LD were observed in the plasma of all patients with 
zaloblastie anemia in relapse. This is consistent with the previous reports 
serum LD levels from this? and other laboratories.'* 1°  Reeently, Levitan, 
sserman, and Wroblewski'® have also reported elevated levels of LD in the 
im of patients with pernicious anemia. These workers, however, did not 
rve elevated serum levels of this enzyme in other types of megaloblastie 
iia. This is at varianee with our observations of elevated enzyme levels 
megaloblasti¢e anemia of varied etiology. Gordon and Enari'* also have 
rted LD elevations in the serum of patients with megaloblastie anemia 


ed by infestation with Diphyllobothrium latum. 








$32 HELLER ET AL. J. Lal & Clin. Med. 

In the present study it has been shown that the plasma levels of 2 other 
elveolytie enzymes also are clevated, but not as markedly or as consistently as 
the LD. Of 2 enzymes of the ecitrie acid eyele studied in the plasma the levels 
of MD were high, and the elevations of ICD were less marked. The level of the 
hexosemonophosphate shunt enzyme 6-PGD was also markedly clevated. 

The high plasma enzyme levels usually decreased rapidly after therapy had 
heen started (Fig. 2). This phenomenon followed closely the prompt conversion 
of megaloblastie into normoblastie erythropoiesis, and occurred before the hemo 
globin and erythrocyte levels had risen significantly. This sequence of events 
suggests that the high enzyme levels in the plasma during the fully developed 
megaloblastic state might reflect increased enzyme content and the abnormal! 
metabolism of the megaloblastie bone marrow. The high intramedullary de 
struction rate, which is a characteristic feature of the megaloblastie maturation 
arrest’? and aeecounts for the ineffeetive erythropoiesis despite the increased 
proliferative aetivity of the bone marrow, probably leads to the release of intra 
cellular enzymes into the surrounding plasma. 


The problem of the metabolic abnormalities in the megaloblastic precursor 
cells might best be investigated by studies of enzyme content or metabolic 


activity of the bone marrow. Our attempts to determine enzyme concentration 
in the nucleated cells of the bone marrow were unsuccessful for technica! 
reasons. However, some indirect evidence bearing on this question is available 
Rubinstein, Ottolenghi, and Denstedt'* have shown that the mature mammaliar 
erythrocyte is deficient in ecitrie acid evele enzymes and ineapable of respirator 
activity. The immature cells, however, including the reticulocytes, contai 
mitochondria and utilize the eitrie acid evele in their metabolic activity. Whi 
these authors found 6-PGD aetivity in the mature erythrocyte and the reticulo 
evte of the rabbit, Marks'® has reported that, in man, the activity of this enzyni 
and of glucose-6-phosphate dehydrogenase is higher in reticuloeytes and in th 
vounger erythrocytes than in the aged eells. It is of interest that in the present 
study the intraerythroeytie levels of 6-PGD, ICD, Ald., and PHI were shown 1 
he normal in most eases. This might be explained by the predominance of age 

cells and the reticuloeytopenia in the peripheral blood. The frequent MD an 

LD) elevations could be caused by the very high enzyme levels in the plasm 

It is conceivable that a minimal amount of plasma remained attached to tl 

red cells, despite repeated washing of the cells prior to hemolysis. This requir 

further study. 

The decreased survival rate of the peripheral eell which has been demo 
strated in megaloblastie anemia'® *° may also contribute to the enzyme elevator 
in plasma, but it should be emphasized that, in other hemolytic states, 1 
enzyme elevations are only mild to moderate® *! and do not reach the peaks 
those in megaloblastic anemia. It seems likely that the more important sow 
of the high plasma levels is the bone marrow. 

The factors responsible for the varying degrees of plasma activity of 1 
6 enzymes studied in any patient are obscure. ICD has not been observ: 
to deviate as much from the normal plasma levels as MD, the other citrie ac 
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evele enzyme tested. Similarly, LD levels are distinetly higher than those of 
PIILT and Ald. These differences might be 


aseribed to variations in clearanee, 
inhibition, or potentiation. 


It seems probable that enzymes, onee they are 
released into the plasma, are subjeet to different and perhaps specifie ways of 


disposition. 
SUMMARY 


1. The plasma of patients with megaloblastic anemia in relapse was found 
to contain markedly inereased levels of lactie, malie, and 6-phosphogluconie 


dehydrogenase. The activity of phosphohexoisomerase, aldolase, and isocitric 


dehydrogenase was inereased less consistently and to a lesser extent. 


2. Qeeasional minor increases in intraerythroeyvtie enzyme activity of malic, 
|; ete, 


and 6-phosphogluconic dehydrogenases were found in the peripheral red 
(*t ll. 
3. All these abnormalities tended to disappear promptly with the conversion 


the megaloblastic into normoblastie erythropoiesis. 


4. These alterations oeeurred independently ot the etiology of the meg- 
aloblastie anemia. 


5. It is postulated that these plasma abnormalities are the result of in- 


ereased enzyme content of the megaloblastie cell and the increased intra- 
medullary turnover rate of the megaloblasts, associated with some inerease in 
e peripheral destruction rate. 


We wish to thank Dr. Irving A. Friedman, Cook County Hospital, Dr. Louis R. Limarzi, 


versity of Illinois Research and Educational 


Hospitals, and Dr. Morris Lipton, VA 
irch Hospital, for making 6 patients available to this study. 

We also acknowledge the technical assistance of Miss Barbara Mason, Mr. Lemuel Hall, 
John Steppe, and Mr. Clifford Fields. 
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THE EFFECT OF HEPARIN AND EDTA ON DNA SYNTHESIS 
BY MARROW IN VITRO 
ITarry L. Loctite, Jr., M.D..* JoserpH W. FERREBEE, M.D., AND 
Kk. DONNALL THomas, M.D. 
(COOPERSTOWN, N.Y. 


Wirt toe TrecuNnicar ASSISTANCE OF LYLE Norton, Marion WALES, 
ND DororHy THOMAS 


EPARIN and ethylenediaminetetraacetic acid (EDTA) are widely used in 
H clinical and laboratory medicine. The effect of these anticoagulants on 
cel] division and eell viability is largely unknown or controversial. 

EDTA inhibits mitosis of plant cells in vitro,’:? but its effeets on mam- 
malian cell division have not been extensively documented. The effeet or lack 
of effeet of heparin on eell division has been the subject of investigation for 
vears. Fischer,’ utilizing heart fibroblasts, found that heparin in concentrations 
of 0.05 per eent prevented cell division in vitro.  Tleilbrunn* found that this 
same concentration of heparin inhibited egg cell division in vitro, Goerner® 
showed that in vitro exposure to O.1 per cent heparin rendered a_Flexner- 
Jobling eareinoma nontransplantable in vivo. Lippman® found that heparin 


inhibited mitosis of the Ehrlich ascites tumor. in VIVO. Llowever, Kreisler,’ 


dying a transplantable lymphosarcoma in vive, and King and ¢o-workers,* 
studying Strain L eells in vitro, found that heparin had no effect on mitosis. 

Recently, during the eourse of investigations directed at transplantation 

of viable marrow eells in vivo, the question of toxicity from the necessary 

‘oagulants arose. Beeause of the lack of agreement as to the effeet of 

rin on eell division, the paueity of information concerning the effeet of 

(A, and the importance of maintaining cell viability in vitro, further 

‘tigations seemed warranted, 

lechniques for the estimation of inhibition of cell division depend either 

morphologic observations or upon cell count measurements. We have 

des vibed an in vitro test for desoxyribonucleie acid (DNA) synthesis which 

d ds on ineorporation of C' formate into thymine of DNA! Since DNA 


esis is intimately related to cell division, the effeet of heparin and EDTA 
INA synthesis in vitro provides information on the effect of these anti- 
ants on cell proliferation. This report describes observations on the 
of heparin and EDTA on DNA synthesis by rabbit and human marrow 
Ci nh vitro. 


' m the Mary Imogene Bassett Hospital (affiliated with Columbia University), Coopers- 
S. ee 
‘i ipported in part by a research grant (C-2643) from the United States Public Health 
ceived for publication June 25, 1959 


‘ublic Health Service Research Fellow, National Heart Institute, National Institutes 
th, Bethesda, Md 
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MATERIALS AND METHODS 
Rabbit marrow was obtained from the long bones of normal animals. Human marroy 
was obtained from ribs removed during a cardiae operation. The technique for the prepara 


tion of the marrow, incubation with radioactive formate and determination of the specifi 
activity of the isolated thymine, has already heen desertbed.? 

The C14 formate used had a specific activity ot 2.0 pe per micromole. The ineubation 
flasks contained 2.3 ype of C4 formate, 250 U. penicillin, and 100) meg. streptomyein. 

The heparin used in these experiments was a powdered heparin sodium which contains 
110 U. per milligram.* This heparin contained no preservative. The heparin and EDTA} 


were diluted to the desired concentration with Hanks’ solution. 


RESULTS 
Table L shows that ineubation of rabbit bone marrow cells in concentrations 
of heparin from 0.025 me. per milliliter (0.0025 per cent) to 10 mg. per 
milliliter (O.1 per cent) resulted in no significant depression of DNA synthesis 
To exelude the possibility that our ineubation time had been too short and 


} 


that aliquots had contained excessive numbers of cells, the experiment illustrated 


TABLE I 
PHY MINI 
RADIO 
FLASK RABBIT MARROW IN) SERUM HEPARIN PHENOL? ACTIVITY } 
oO) 106 nucleated cells 
l 1.415 
9 0.025 4.040 
3 0.05 $,040 
t 0.1 4,070 
151 106 nueleated cells 
D 5,015 
6 OD D080 
7 1.0 4,450 
. 0.45 1,090 
9 0.5 0.23 ? O00 
Incubation—1 hour at te”6 6S 
*Heparin sodium, 110 U. per milligram 
rRecrystallized phenol (made up to desired concentration in Hanks’ solution) 


fCounts per minute per micromol of thymine isolated from marrow DNA) (average 
duplicate determinations ) 


TABLE II 
THY MINI 
FLASK RABBIT MARROW IN SERUM HEPARIN RADIOACTIVITY * 
( 128.5 « 106 nucleated cells 
1 58,150 
2 0.1 63,650 
3 1.0 56,500 
(14.75 « 106 nucleated cells) 
t 12,900 
5 0.1 9 385 
6 


1.0 10,825 


Incubation—22 hours at 37.5° C 


*Heparin sodium, 110 U. per milligram 


fCounts per minute per micromol of thymine isolated from 
duplicate determinations ). 


marrow DNA (averas 


*From Connaught Med'cal Research Laboratories, Toronto, Canada. 
fEDTA was obtained from Platelet Pack, Ethicon, Inc., Somerville, N. J. 
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in Table IL was performed, It ean be seen that heparin had no effeet on DNA 
synthesis by either 14.75 « 10° or 128.5 ~ 10° nueleated cells ineubated for 22 
hours. 

Since commercial liquid heparin solutions frequently contain phenol or 
phenol derivatives in concentrations of 0.2 to O45 per cent as preservatives, 
the effect of small concentrations of phenol on DNA’ synthesis was studied. 
It can be seen from Table T that as little as 0.23 me. per milliliter (0.023 per 
cent) phenol significantly depressed DNA synthesis. Other experiments, not 
shown here, revealed no effeet. from less than 0.12 me. per milliliter phenol, 
and no depression in DNA synthesis from the use of 0.01 mg. per milliliter 
to OL me. per milliliter of a commereially available heparin solution.* However, 
higher concentrations of heparin, 3.33 mg. per milliliter, which contained the 
preservatives listed in the footnote, did inhibit DNA synthesis. 

Table IIL shows that DNA synthesis by human marrow is not influenced 
by heparin in the concentrations indieated, but is depressed by 0.5 mg. per 
milliliter (0.05 per cent) EDTA. The DNA synthesis by marrow cells inhibited 
by EDTA returned to normal when the exposure to EDTA in the concentration 
isted was less than 3 hours, and when the EDTA was removed from the cells 
prior to meubation. 


DISCUSSION 


The data presented demonstrate that heparin in a coneentration range 
seful for the prevention of coagulation of aspirated marrow does not inhibit 
UNA synthesis by marrow cells in vitro. Since marrow is composed of a mix- 

re of types of eells, it is possible that heparin could inhibit one type of cell 
nd not another, but a general inhibition of the DNA synthesis necessary for 
tosis should, if present, have been apparent in the studies reported here. 
ese In vitro observations are in aecord with results that show that marrow, 

red at 4° C. for 4 to 48 hours in the presenee of heparin (0.1 mg. per 
liliter), will divide and repopulate marrow spaces, when introduced in vivo."® 

fact that other investigators have used impure heparin, and, in some 


tanees, heparin whieh contained preservatives, and have relied largely on 


TABLE III 


HUMAN MARROW IN SERUM HEPARIN EDTAt THYMINE 
ASK NO. NUCLEATED CELLS (MG./ML. MG./ML. RADIOACTIVITY 
1 235 106 - 9,973 
2 235 x 108 1.0 12,094 
3 235 10: 0.1 10,118 
t 235 106 0.5 4,668 
5) 235 x 10° 0.1 8.668 


Incubation 4 hours at 37.5° C 

*Heparin sodium, 110 U. per milligram 

One and one-half per cent disodium dihydrogen ethylenediaminetetraacetate dihydrate, 
per cent sodium chloride obtained from Platelet Pack, Ethicon, Inc., Somerville, N. . 

Counts per minute per micromol of thymine isolated from marrow DNA (average of 

ite determinations ) 


Heparin sodium, 10 me. per milliliter, with methylparaben, 0.18 per cent, and propyl- 
en, 0.02 per cent, Abbott Laboratories, North Chicago, IIL. 
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morphologic observations for the estimation of inhibition of mitosis, may explain 
their conclusions regarding inhibition of mitosis attributed to this anticoagulant 

Kurnick and co-workers" referred to a ‘damaging effect’” on marrow cells 
by excessive concentrations of heparin. The heparin®* used contained pheno! 
as a preservative, and, as indieated in Table I, marrow cell division is con 
siderably depressed in the presence of phenol. Heparin with phenol has been 
used without apparent damage to marrow cells in vitro where the concentration 
of phenol has not exeeeded 0.1 mg. per milliliter (0.0L per cent 

The inhibitory effeet of EDTA on DNA’ synthesis by marrow cells. is 
marked and reproducible. This is consistent with reports in the literature 









of the ability of this anticoagulant to inhibit plant cell mitosis in vitro. Brie! 






exposure to EDTA did not seem to inhibit marrow DNA synthesis permanently, 






but the exposure time necessary for irreversible damage is not known, and this 






anticoagulant has not been used in this laboratory for marrow studies in vitro 






SUMMARY 






The effect of heparin and ethylenediaminetetraacetic acid (EDTA) o1 





desoxyribonucleic acid (IDNA) synthesis by rabbit and human marrow cells in 





vitro has been studied. Heparin in concentrations to 1.0 mg. per milliliter did 






not cause depression in DNA synthesis, unless phenol or other preservatives 






were concurrently present. EDTA depressed DNA synthesis in a concentration 






of 0.5 mg. per milliliter. It is recommended that heparin without preservativ' 


| 






e used as the anticoagulant in marrow transplantation procedures, 
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EXPERIMENTAL IYPERSENSITIVITY IN THE RABBIT: 
POTENTIATING EFFECT OF PRIOR SENSITIZATION 
ON RENAL LESIONS PRODUCED BY 
BOVINE GAMMA GLOBULIN 


CiuarRK D. West, M.D., Nancy H. Hixxue, M.D., 
AND BENJAMIN H. Lanpine, M.D. 


CINCINNATI, OO 


N RECENT vears a number of studies of experimental hypersensitivity 
| serum sickness) in the rabbit have been reported, in which the relatively 
pure proteins, bovine serum albumin (BSA) and bovine serum gamma globulin 
BGG)'* were used. From these studies, the concept has emerged that the 
lesions of serum sickness are produced by the immunopathogenie properties of 
‘ertain soluble antigen-antibody complexes formed by reaction of the injected 
antigen with newly formed, specific antibody.°* It has been observed, however, 

at the hypersensitivity lesions seen microscopically after injection of BGG, 
although about equally frequent, are mueh less severe than those which follow 
BSA) administration.” It has not been elarified whether this differenee in 
response is a result of a difference in the evtotoxicity of the soluble complexes 
produced, or in the metabolism and antigenicity of these proteins. 

In the present study, normal rabbits and rabbits sensitized to BGG have 


n challenged by intravenous injection of this protein, and their course has 
been followed by serial blood and urine specimens. In the animals sensitized 
by injeetion of BGG in adjuvant, a high proportion developed a nephritis 


characterized by azotemia and a sustained proteinuria. These changes were 
less frequently observed in animals sensitized with alum-preeipitated BGG. 
l)isease seldom developed in the nonsensitized animals. Mieroscopic study of 
the organs of animals killed at the height of the proteinuria showed lesions 
Which, with few exceptions, were closely similar to those deseribed from non- 


sensitized animals challenged with BSA. 


MATERIALS AND METHODS 


Female albino rabbits, maintained on Purina Chow with occasional feedings of greens, 
weighing 1,400 to 3,400 grams, were used exclusively. 
The bovine gamma globulin® was given intravenously as a 10 per cent solution in 


U M sodium chloride solution. Before use the solutions were adjusted to pH 7.4 with 


im biearbonate and sterilized by Seitz filtration, All animals received 10 ml. of the 
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solution (1 Gm. of BGG) per kilogram body weight. Freund's adjuvant, consisting of 
8.5 parts Bayol F, 1.5 parts Arlacel A, and 10 parts of sterile saline containing BGG, was 
injected subcutaneously at 5 sites on back, thighs, and forelegs, 1 ml. into each sit 
Complete adjuvant contained 0.5 mg. of heat-killed tuberele bacilli per milliliter of Bayol F 
The BGG content of the adjuvant was 10 mg. per milliliter of final mixture. Alun 
precipitated BGG, buffered to pH 7.5 with acetate and containing 2.4 mg. of Ko Al (SO, 
per milligram of BGG, was given intravenously in a daily dose of 1.5 ml. which containes 
2.25 mg. of the antigen, 

Nonsensitized animals comprised a group of 380 which reeeived BGG in saline intra 
venously, without prion sensitization to this proteim. 

The sensitized group was comprised of 68 animals. Forty-six of these were sensitized 


by injection of BGG in Freund’s adjuvant, and 17 by a course of 8 daily intravenous 








injections of alum-precipitated BGG, The interval between sensitization and challeng: 






by intravenous injection of BGG varied. In all animals sensitized with the alum preparation, 






BGG was given intravenously 4 days after the last sensitizing injection. In the adjuvant 





sensitized group, the interval between adjuvant injection and BGG challenge was 2 days 






in 12 animals, 4 days in 27, and 6 days in 11. Six animals in the 2-day group, 6 






the 4-day, and 5 in the 6-day received incomplete adjuvant. In the remainder the adjuvar 





contained tuberele baeilli. 
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Fig. 1.—Serum BGG levels, blood urea nitrogen, and uri! 
during the nephritis which follows intravenous challenge with Be 
BGG. The animal was sensitized by subcutaneous injection of Bt 
to challenge. 
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Ten of the animals in the 4-day group were killed for histologie examination of 


tissues on or before the first day of proteinuria, and are not included in the statis 






which deseribe the incidence of the disease. A number of others were killed afters 





urine examinations definitely identified the presence of the disease. 





All of the sensitized animals required desensitization before intravenous administr: 





of BGG. The most extensive desensitization was required for animals challenged with | 





6 days after Freund’s adjuvant, and for those sensitized with the alum-preeipit 







preparation. Desensitization of these animals consisted of 1 ml. of 0.1 per cent BGG in sa 






injected intraperitoneally the evening before the day of challenge, followed on the da; 





challenge by another 1 ml. of 0.1 per cent intraperitoneally, 1 ml. of 0.1 per cent 






travenously, 1 ml. of 1 per cent intravenously, and 5 ml. of 1 per cent intravenously. 1 






injections were given at 2 to 3 hour intervals before injection of the final dose of 10 m 
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10 per cent BGG per kilogram. Less extensive desensitization consisted of 1 ml. of 0.1 per 
ent intraperitoneally, 1 ml. of 0.1 per cent intravenously, and 1 ml. of 1 per cent intra 
venously given at intervals on the day of the final injection. 
To avoid catheterization daily urine specimens were obtained by manual pressure on 
e lower abdomen with the animal in a supine position on an animal board, Urine was 
tested for oceult blood by reaction with a peroxide with orthotolidin as the indieator. 
\fter centrifugation, urine protein was precipitated with Tsuchiya’s reagent, the precipitate 
as dissolved in alkali, and the protein content was determined by the Lowry modification 
f the Folin-Cioealteau procedure? with bovine serum albumin as the standard. Specimens 
f blood were obtained from veins in ear or hind leg, and the sera was stored at —20° C, 
intil used. BGG was determined in’ sera by precipitation with anti-BGG sera by the 
ethod described by Germuth for BSA. The precipitates, after a wash, were dissolved 
alkali, and their protein content was determined by the Folin-Ciocalteau method.9 — Fresh 
BGG-anti BGG complex, formed in slight antigen excess, dissolved in alkali, and of known 
trogen content Kjeldahl), was used as the standard for the colorimetric procedure. 
\ curve which relates BGG concentration to amounts of precipitated protein was made 
from standard solutions of BGG ineluded in each batch of unknowns. Blood urea nitrogen 


l 


as determined in serum by & micro modification of the method of Friedman,10 
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2 Course of the proteinuria which occurred after BGG challenge in animals sensitized 

by injection of BGG in adjuvant 6 days prior to challenge. 

The animals killed for histologic examination were anesthetized with Nembutal, hepar 
zed, and perfused with 2 L. 0.15 M NaCl under pressure by means of a eannula in the 
fominal aorta below the origin of the renal arteries, Perfusing fluid escaped from = an 
ision in the inferior vena cava. Tissues were fixed in 10 per cent formalin and stained 


h hematoxylin-eosin. Tissues regularly examined were kidney, lung, heart, liver, and 
een, 
RESULTS 
Previous studies of experimental hypersensitivity have always made use of 
« pathologie changes in the kidneys to determine the presence of renal disease. 
hen the renal status is followed by tests of serial blood and urine specimens 


r urea and protein, rather typical changes oceur, as illustrated in Fig. 1. 





*Occultest Tablets, Ames Company, Inc., Elkhart, Ind. 
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In this experiment the animal was challenged with BGG, after it had been 
sensitized to this protein, A proteinuria developed as BGG disappeared from 
the serum, reaching a level of over 2 Gm. per cent. The blood urea nitrogen 

BUN) increased to 50 mg. per eent, and, for 2 days at the height of thi 
nephritis, occult blood was present in the urine. 

Incidence of Nephritis—The incidence of nephritis in sensitized animals 
varied according to the method of sensitization employed. The incidence ot 
proteinuria was greater in sensitized animals than in nonsensitized animals 
Proteinuria of 3 or more days’ duration occurred in only 7 per cent of non 
sensitized animals, while in animals sensitized by adjuvant the incidence was 
80 per cent, and in those sensitized by alum-precipitated BOG, 47 per cent 
(Table 1). Minor differences in incidence, which depended on the duration 
of the period between administration of adjuvant and challenge (2 to 6 days 


were not sienificant. 












TABLE Il. INCIDENCE AND TIME OF ONSET OF PROTEINURA OF THREE OR Mont 
DAYS’ DURATION AFTER CHALLENGE WITH BOVINE GAMMA GLOBULIN 
IN SENSITIZED AND NONSENSITIZED RABBITS 





INTERVAL BETWEEF) 








ANIMALS INCIDENCE Ot CHALLENGE AND 
NUMBER Ob DEVELOPING PROTEINURIA FIRST PROTEINURIA 
ANIMALS PROTEINURIA % (DAYS 





Nonsensitized 30 “ 7 7 to 10 


Sensitized by: 
Adjuvant 2 days 


before challenge 2 10 So 6 to S 
Adjuvant 4 days 

before challenge \7 15 SS t to 6 
Adjuvant 6 days 

before challenge 1] 7 64 t to 6 


Total adjuvant 


Sensitized 
Alum-precipitated 
BGG 


bv: 


17 t 


to 6 














‘Incidence of proteinuria in animals sensitized by alum-precipitated BGG differed s 
nificantly from the incidence in those sensitized by BGG in adjuvant (p 0.025), and fr 
the nonsensitized animals (p 0.005) 


Seve rity of Proteinuria and Hematuria.—The severity and duration « 
the proteinuria in a group of sensitized animals are given in Fig. 2.0 Urn 
protein concentrations reached levels as high as 6.5 Gm. per cent. The duratii 
of proteinuria averaged 5 days, and on oceasion lasted as long as 10 day 
The ultimate duration of the proteinuria could not be predieted from its initi 
severity. 

Urine from 25 sensitized animals which developed nephritis was test 
serially for occult: blood. The results were positive in 1 or more speeini 
in approximately 50 per cent. Gross hematuria was not seen. There was 
correlation between hematuria, proteinuria, and azotemia. 

Azotemia.—Serial determinations of urea nitrogen were made on the blo 
of 19 sensitized animals which developed nephritis. The BUN rose al» 
27 mg. per cent in 63 per cent. The elevation was usually transient, las' 


1 or 2 days, and values as high as 60 mg. per cent were not unusual. Anin 
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with a urine protein coneentration not exceeding 1 Gm. per cent did not have 
azotemia. On the other hand, severe proteinuria was not always accompanied 
by an elevation of BUN. 


Disappearance of Circulating BGG.—In the animals reeeiving BGG after 
having been sensitized to this protein, the disappearance of BGG from serum 
was aceclerated. The rates of disapperanece of BGG in the animals sensitized 
with the adjuvant and alum preparations are compared with those of the 


nonsensitized animals in Fie. 3. 


In the nonsensitized animals (Curve A), the 3 phases of antigen dis- 
appearanee originally deseribed by Dixon'! ean be distinguished. The first, 
or equilibration phase, lasted approximately 48 hours, the eatabolie phase 
from day 2 to day 5, and the third, or immune phase, in which rapid removal 
of antigen oceurs by combination with newly formed antibody, continued to 
day 11. Ilalf-lite of BGG, estimated from the catabolic phase of the eurve 
dashed line extending linear portion of Curve .1), was 2.35 days. 
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Fig. 3.—Semilogarithmic plot of serum BGG levels in nonsensitized and sensitized rab- 
ts Curve A represents the average of the values for 6 animals; Curve B, 11; and Curve 
16 animals. 

In the sensitized animals (Curves B and (), no phase of the curve, solely 
e result of eatabolism, can be distinguished; the pre-existing immunity ae- 
lerated the rate of fall from the first. Complete disappearance occurred 
days earlier than in nonsensitized animals. 

The contributions of eatabolism and the immue mechanism to BGG dis- 
ypearanee have been ealeulated for these data by graphing the eurves on 
ithmetie paper (Fig. 4), and determining the differences in area under curves 
presenting actual elearanee and eatabolie clearanee with a half-life of 2.35 
vs. Disregarding the first 48 hours in which equilibration was taking place, 

was ealeulated that in the nonsensitized animals only 9 per cent of the 


jected antigen was cleared by the immune mechanism, whereas in the animals 
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Fig. 4 \rithmetic plot of serum BGG levels in nonsensitized and adjuvant-sensitized 
rabbits Horizontal lines intersecting Curve B denote the levels of BGG on the first day of 
proteinuria in 22 sensitized animals. 













Fig. 5. tenal glomerulus of a rabbit killed on the first day of proteinuria, 7 days aft 
intravenous challenge with Bud Edema and cellular proiiferation of glomerular substar 
has occurred An encapsulated clot occupies a large portion of the structure. Urine prot 


0.6 Gm. per cent, serum BGG level 0.008 mg. per milliliter, BUN 54 mg. per cent at the ti 
of sacrifice. (<650.) 
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sensitized by injection of BGG in adjuvant, 50 per cent was cleared by this 
mechanism. In the animals sensitized by the alum-precipitated preparation, 
the pereentage cleared by the immune mechanism was even greater. 

Relation of Antigen Disappearance to Time of Onset of Proteinuria.—By 
the use of proteinuria, rather than mieroscopie changes in the kidney, to de- 
termine the presence of nephritis, the time of onset of nephritis can be easily 
correlated with the level of eireulating antigen. In all eases, the level of 
circulating BGG was low when proteinuria first appeared. The values are 
indieated by the point of intersection of the short horizontal lines with Curve B 
in Fie. 4. In 15 of 22 animals studied in this manner, the cireulating BGG 
level was less than 0.15 mg. per milliliter at the time of onset of the nephritis. 

Wicroscopic Appearance of Nidneys.—Sixteen animals in the adjuvant- 
sensitized group were killed for histologie study before or after appearance of 
proteinuria. The microscopic observations need not be detailed, since they 
were similar in most respects to those deseribed hy others for animals whieh 
developed nephritis after injection of bovine serum albumin. 

No lesions could be seen in animals killed 1 or 2 days before the expeeted 
onset of proteinuria. In those killed on the first day of proteinuria, marked 
edema and proliferation of the glomeruli were noted, with obliteration of eap- 
illary loops and thickening of all structures. Glomerular diameter was inereased 
by one third, cn the average. Glomeruli loeated at the corticomedullary jJune- 
tion frequently showed eneapsulated hemorrhage, the result of foeal neerosis 


of capillaries (Fig. 5).5 7% Three to 5 days after onset of proteinuria, the 





Fig. 6.—Glomerulus of sensitized rabbit killed 24 days after intravenous challenge with 
GG. Proteinuria had been present from the fifth to the thirteenth day after challenge. The 
omerular capsule is dilated, its epithelium is thickened, and the capsular space contains 
ispissated protein. The glomerulus has lost much of its substance. (x325.) 
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glomeruli had shrunk in size, and there was an increase in nuclear density. 
The capsular space, obliterated at the outset, was now large, and, in’ some 
cases, contained inspissated protein. Adhesions between tuft and capsule 
appeared, Also at this stage, the interstitium of the cortex was infiltrated with 
plasma cells and lymphoeytes in a patchy distribution. In animals killed after 
disappearance of proteinuria, the glomeruli were normal, except for those in 
which eneapsulated hemorrhage had oecurred. These, reeognized by their 
location at the corticomedullary junction, were represented by a large capsule, 
which appeared either to be empty or to contain a small nubbin of glomerular 
tissue (Fig. 6). 

In other organs, pathologie changes were also observed, but not with the 
frequeney or severity of the nephritis. Most striking was the complete absence 
of polvarteritis, a lesion seen often after injection of BSA. ** A mild to 
moderate myocarditis, endoearditis, and valvulitis were seen in nearly every 
animal killed after onset of proteinuria. In the arteries of the lung, intimal 
and endothelial proliferation was seen occasionally, and in 2 animals there wer 


granulomas of the spleen, as described by Germuth. 


DISCUSSION 

Numerous previous studies, beginning with those of von Pirquet and 
Schick’® at the turn of the century, have given evidence that for the develop 
ment of the lesions of experimental hypersensitivity, antibody must be available 
to react with the injected foreign protein. Evidence in this direetion consists 
of the observations that it is not until the immune phase of anigen disappear- 
ance that lesions appear,*:* previous sensitization to the protein hastens the 
appearance of the disease,‘ inhibition of antibody production by prior x-radia 
tion or nitrogen mustard injection prevents the disease,? and normal animals 
which clear antigen slowly because of a poor immune response do not develop 
lesions. Finally ‘*passive’’ serum sickness has been produced in rabbits by 
a constant infusion of homologous antibody after the injection of antigen 
(BSA) .? 

The mechanism by which a foreign protein and its homologous antibody 
produce the lesions of experimental hypersensitivity has recently been further 
elucidated by the demonstration that certain soluble antigen-antibody com 
plexes, formed in antigen excess, have potent immunopathogenie effects. An 
anaphylactogenie effect of sueh complexes was first demonstrated by Germuth 
and MeKinnon.® Intravenous injection of the supernatants of precipitates of 
BSA-anti BSA and egg albumin-anti egg albumin, formed in antigen excess, 
produced an immediate anaphylactie reaction in a high proportion of guinea 
pigs. in like manner, Trapani and co-workers'* have shown that complexes 
of BSA-anti BSA, similarly formed, showed definite activity by the Sehultz-Dale 
technique of in vitro anaphylaxis when guinea pig ileum is used. Injected 
intradermally, the supernatants also produced skin reactions. From thess 
studies it seems highly probable that the lesions of experimental hypersensitivit) 
are an expression of a protracted anaphylaxis, produced by reaction of thé 
injected antigen with newly formed antibody. 
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The relatively mild hypersensitivity lesion seen after BGG administration 
to normal animals might be attributable to 1 of several faetors. 


The protein 
might (1) 


be a poor antigen and stimulate production of few antibodies, (2) 
he cleared from the circulation so rapidly that antibody formation mainly occurs 
only after antigen has disappeared, or (3) be such that soluble eomplexes 
formed with it have only slight anaphylactogenic or eytotoxie effects. From 
the present study, it would appear that the mild disease is the result of the 
rapid clearance of BGG from the circulation, with the consequence that com- 
plexes with antibody are produced in insufficient numbers for severe disease 
to result. Although antibodies to BGG appear in the nonsensitized animal 5 
days after challenge with BGG, as compared with 10 days for BSA, the more 
rapid disappearance of BGG by catabolism (half-life 2 to 3 days), as compared 
with BSA (half-life 4 to 5 days) ,'° 


eurtails the number of soluble complexes 
produced, 


When clearance of antigen by immune mechanisms is vigorous from 


{ 
t 


he first, as in the sensitized animals of the present study, sufficient complexes 
are formed to produce a disease comparable in most respects to that which 
follows BSA injection. The absence of lesions of polyarteritis in the sensitized 
animals agrees with Germuth’s'® observation that this lesion is dependent on 


the duration, more than on the intensity, of the immune phase of antigen 


clearanee, 

Of interest in the present study is the close correspondence of the onset 
of the nephritis with the complete or near complete clearance of antigen from 
the ecireulation. This eorrelation has been observed in all studies of these 
esions, and has been attributed to the faet that it is only after a delay that 
ntibody is produced. The present results would indicate that this explanation 
s not complete since, in the sensitized animals, production of antigen-antibody 
omplexes began immediately after challenge with BGG. Failure of disease 
» be observed immediately is best explained by the lack of cytotoxicity of com- 
lexes produced in great antigen excess. In vitro experiments have dem- 
ustrated that complexes, formed in antigen excess 60 to 70 times equivalence, 
re not anaphylaectogenic. Maximum effeets were found with complexes formed 

6 to 7 times equivalence.’* These observations would predict that disease 
ould oeeur only when the antigen level is low. 

It is probable that other factors, as vet unknown, influence the cytotoxicity 
the soluble complexes. This is suggested by the relatively low incidence of 
ephritis in the animals sensitized by the alum-precipitated preparation. The 
isappearanee of BGG was as rapid in these animals as in those sensitized 
ith adjuvant. In faet, the animals sensitized with the alum preparation 
speared more sensitive in that, despite extensive desensitization, many more 
ieccumbed to anaphylaxis on challenge than did those sensitized with the 
ljuvant. The only explanation at hand for their low incidence of disease is 
iat complexes, formed by antibody produced by this form of stimulation, may 


ot be as uniformly eytotoxie as those formed in response to adjuvant. 
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SUMMARY 


Normal rabbits challenged intravenously with bovine serum gamma globulin 


develop lesions of experimental hypersensitivity whieh are mild and usually 


do not produce a significant proteinuria. Prior sensitization of the animal with 


bovine serum gamma globulin incorporated in adjuvant markedly 


potentiates 


the severity of the disease, and in a high pereentage results in a marked pro 


teinuria. Prior sensitization by use of alum-preeipitated bovine serum gamma 


globulin is less effeetive in potentiating the disease. In 50 to 60 per cent of 


sensitized animals, hematuria and azotemia accompanied the proteinuria. 


Microscopie study of the tissues of animals killed at the height of the 


proteinuria showed lesions similar to those observed after administration ot 


bovine serum albumin, with the exception that lesions of polvarteritis were 


absent. 
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THE MINERAL AND WATER COMPOSITION OF TTUMAN RED BLOOD 
CELLS IN DIABETIC ACIDOSIS AND DURING RECOVERY WITH 
SPECTAL REFERENCE TO CHANGES IN) POTASSIUM CONTENT 

Hh. G. Kerren, M.D..* FE. Gaurrer, M.D... H. S. Jones, B.S.. H. Berman, AND 

Kk. MAacLACHLAN 
BETHESDA, Mob. 


ISTURBANCES of the water, potassium, sodium, chloride, and phosphorus 
DD content of cells, including red blood cells, in patients with diabetic acidosis 
have been reported earlier.’ The data in the present report were obtained 
to clarify the extent of the disturbances in red cell composition. 


The effect of early parenteral potassium therapy on the red cell content of 


potassium was determined and compared with the red cell values of a group 


; 
a) 


| patients with diabetie acidosis who were not given parenteral potassium 
ierapy.” The data suggest that early potassium therapy rapidly restores the 
otassium concentration of plasma and red cells to normal, whereas, without 
arly potassium therapy, reduced concentration of potassium in plasma and 
ed cells may persist for long periods. 


Patients.—Nine patients with diabetic acidosis were studied. The principles used in 


ling fluid therapy were those recommended by Butler.s Intravenous saline and lactate 


administered initially. Potassium was added as soon as the urine flow was established ; 


ally from 1 to 5 mM. potassium per kilogram body weight was given in the first 24 hours. 
ose was added when the blood glucose fell below 250 mg. per cent o1 when the urine was 
of glucose. 


Oral fluids, including milk, were usually started before the end of the first 


ours and routine diabetie diets by the end of the second 24 hours. 


Case Reports.—The amount of potassium and fluid given in the first 24 hours is indicated 


most of the patients. During this time the patients were rehydrated and clinicalls 
roved, with the exception of Patient No. 1, who died. The interval between the first 
second blood samples will be referred to as the first period (Table 1 


Case 1: A 15-year-old girl was admitted in coma and with severe dehydration with 


story of fatigue, polyuria, polydipsia, and an 11 kilogram weight loss of 1 month's 


on. She responded favorably to the administration of large quantities of insulin, 
s containing saline, potassium, laetate and glucose, and whole blood. Fifteen hours 
admission she developed shallow respirations and cyanosis. Potassium, which had 


neluded in the intravenous fluid in concentrations up to 50 mM. per liter, was stopped 
e sixteenth hour because of the FCG finding of an inereased height of the T wave. 
e eighteenth hour she rapidly became comatose and died. The development of respir- 
paralysis in association with increased height of the T) waves was considered to be 
From the Massachusetts General Hospital, Boston, Mass., The Department of Vedi- 
Harvard Medical School, National Institutes of Health, Bethesda, Md., and the De- 
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compatible with hyperkalemia. Blood was taken for serum potassium at the sixteenth hour, 
but, unfortunately, the result was not available until 1 hour after death. A value of 1.6 mM. 
per liter was found. It was felt that the elevated T waves of the electrocardiogram reflected 
uncorrected acidosis and obscured the true state of the serum potassium concentration, 
Case 2: A 50-year-old man who had diabetes for 8 years was admitted in coma with 
marked hyperpnea and severe dehydration, In the first 24 hours he was given 9,850 mil. 
fluid, ineluding 1,000 ml, blood, 825 mM. sodium, and 352 mM. potassium, and 2,050 U 
insulin. The blood sugar dropped from 600 mg. per cent on admission to 212 mg. per cent 
at the twenty-second hour, by whieh time he could be aroused.  Ilis clinical condition was 


normal by the end of the second day. The diabetes was kept well controlled thereafter. 


His weight on discharge was 50 kilograms. 
Case 3: A 33-year-old, 60 kilogram, white man with diabetes of 9 vears’ duration 
was admitted in semicoma with a historv of vomiting, diarrhea, and severe headache of 24 


hours’ duration. In the first 24 hours, he was given 7,000 ml. fluid containing 600 mM 
sodium and 122 mM. potassium; 1,350 U. insulin were required during this time to contro! 
the glycosuria and aecetonuria. The blood sugar fell from 745 mg. per cent to 272 mg. 
per cent in the first period. Except for anorexia he was clinically well after the first period 

Case 4: \ 10-year-old girl with a history of polynuria and polydipsia of 2 weeks’ 
duration, and drowsiness of 24 hours’ duration was markedly dehydrated, hyperpneic, and 
stuporous on admission. In the first 24 hours she was given 350 ml. blood and 4,000° ml 
fluid containing 290 mM. sodium and 150 mM. potassium, and 970 U. insulin, The blood 

) 


sugar fell from 552 mg. per cent to 152 mg. per cent by the end of the first period, afte 


Which time her condition was well regulated. Her admission weight was 22.2 kilograms, and 
her discharge weight was 24.6 kilograms. 
Case 3d: \ 26-year-old woman, diabetic for 21 years, developed vomiting and ab 


dominal pain 2 days before admission. She was moderately dehydrated and confused or 
admission and had marked Kussmaul respirations, In the first 24 hours she was give 
6,980 ml. fluid containing 300 mM. sodium and 76 mM. potassium. Her sensorium was 
normal by the ninth hour. The blood sugar fell from 776 mg. per cent on admission t 
267 mg. per cent at the tenth hour. The urine was free of acetone and glucose by the 
twelfth hour; a total of 810 U. insulin was given during the first period, The disecharg 
weight was 48 kilograms. 

Case 6: \ 66-year-old woman, diabetic for many years, started vomiting 36 hou 
before admission and appeared to be somewhat lethargic and moderately dehydrated 
admission. During the first 24 hours 9,850 ml. fluid containing 240 mM. sodium and 209 mM 
potassium, and 120 U. insulin were administered. The blood sugar dropped from 812 n 
per cent on admission to 3874 mg. per cent by the seventh hour. Oral fluids were start 
by the third hour after which time she remained elinically normal. The diabetes was w 
controlled after the first period. The discharge weight was 52 kilograms, 

Case 7: A 26-year-old woman, diabetic for 14 years, omitted insulin for 24 hours 
started vomiting 8S hours before admission. She was moderately dehydrated and lethar 
on admission. During the first 24 hours she was given 9,790 ml. fluid containing 559 n 
sodium and 120 mM. potassium, and 650 U. insulin. The blood sugar fell from 644 
per cent to 217 mg. per cent by the end of the first period. Her clinical condition 
normal 6 hours after admission. Her weight was 47.8 kilograms on admission and 951 
grams on discharge. 

Case 8: <A 15-year-old girl, diabetie for 2 years, was admitted with a history 
vomiting and dizziness of 2 hours’ duration. On admission she was moderately letha 
with moderate Kussmaul respirations and mild dehydration. She was judged to be clini 
normal after 8 hours of therapy, during which time she received 200 U. insulin, 1,600 
fluid, containing 150 mM. sodium and 78 mM. potassium. After the eighth hour she 
given milk ad libitum. The intake of potassium in the first period was 160 mM. 
urine was free of acetone at the tenth hour and free of glucose by the eighteenth 


Her discharge weight was 45.4 kilograms. 
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Case 9: \ 17-year-old girl, with diabetes since birth, omitted 


insulin 24 hours before 
entry and started vomiting 12 hours later. On admission she was moderately dehydrated 
and hyperpneic, but was mentally alert. In the first 24 hours she was given 10,055 ml. 
fluid containing 450 mM. sodium and 128 mM, potassium. The diabetes was kept well 
normally after the first) period. The blood 


625 mg. per cent on admission to 1538 


controlled and she ate sugar dropped from 


mg. per cent by the end of the first period, Hler 
lischarge weight was 66.8 kilograms. 


METILODS 


The direct method Was used for red eel] analvsis.9 Blood samples of 10 to 20 mil. 


a tourniquet, from the antecubital vein 
a trace of heparin. The 
syringe at room temperature with 


vere drawn, without the use of into unoiled silicone 
outed syringes which contained blood Was kept in the stoppered 
negligible loss of CO, When CO, or pH 


Was to be 
a separate sample of blood was kept iced under mineral oil. 


determined, 

A well-mixed aliquot was transferred immediately to 
determination. 
hematocrit or whole blood 


capped, 


a rubber stoppered Wintrobe 
t An appropriate amount of blood, as 


hemoglobin, was then transferred to 


ube for hematocrit determined by the 

a silicone-coated, rubber 
Butler-Cushman-type constricted centrifuge tube, so that the buffy layer would be 
in the constricted portion of the tube. 


This permitted the complete removal of supernatant 
jasma and buffy laver. 


The specimens were spun at 4,100 r.p.m. 


(mean radius of gyration 
of 15 em.) for 45 minutes at 2O° C, 


After centrifugation the supernatant plasma and buffy 
The entire red cell sample was pipetted into a tared ground-glass 
stoppered weighing bottle and weighed, The sample was then diluted with 
easured volume of distilled water, about 4 ml. water pet 


aver were removed. 


an accurately 
gram of red cells, 
Sodium and potassium were determined by flame photometry with a Barclay flame 
otometer with an internal lithium standard.) 

Total phosphorus was determined by the method of Fiske and Subbarow,11 chloride by 
oditication of the Volhard method, silver nitrate and nitrie acid being added separately 
recommended by Wilson and Ball,12. 1 


magnesium by a modification of the method of 
ggs and Denis,!4. ! 


and CO, content by the method of Van Slyke and Neill.16 


The water 
tent was determined by drying specimens for 24 hours in 


an oven at 105° C, 
Calewations and Methods of 
stituents 


Presenting Red Cell Data. 


The analytic values of cell 
as grams or millimoles per kilogram of cells were 


converted to quantities per 
former values by the fraction of 
No correction was made for trapped plasma. 


gram cell solids by dividing the solids per kilogram 
The formula that can be used to convert 
itities per kilogram cell solids to quantities per kilogram cells, or cell water, is presented 
where.9 

The conventional methods of presenting red cell electrolyte data as quantities per 
cht or volume of cells or as quantities per weight or volume of cell water may be mislead 


for deseription of change in water and mineral content. For example, the loss of 53 Gm, 


r from one kilogram of red cells would produce an increase in potassium of 


3.6 per cent 
e potassium referred to whole cells; if referred to 


red cell water, the increase would 
potassium content referred to cell solids, no change would 
The use of cell solids as a reference 


OO per cent. However, if 


will avoid apparent changes in electrolyte 


nt eaused by changes in water content alone. 


RESULTS 


Data obtained from the analysis of red cells and plasma of 9 patients 
died after admission for diabetic acidosis are listed in Table I. Patients 
1 to 4 were elinieally severely ill and Patients Nos. 5 to 9 were mildly 
noderately ill. On admission the red cell water content was normal in all 


one mildly ill patient (No. 9), in whom an elevated value was found. 
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and renal complications 
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PATIENT AGE 
NO, YEARS 
l 15 
2 0 
" ”» 
o do 
} 10 
5 26 
6 66 
7 26 
8 15 
9 17 

6 diabetic 


M 


22) normal 


pat 1ents 


no acidosis, 
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rIME AFTER 
ADMISSION 


DAYS 


210 


adults* 


vascular 
of dia- 
Low 


High 


HO 
GM 


1.861 


1,860 
1797 


2,047 


1.933 
1,874 
1,933 


2 054 


1,880 
1,686 
1,838 
1,997 
1978 
1,978 


1,950 
1,846 
1,941 
1,990 
2 006 


2 006 
1,909 
2,032 
1,918 
1,919 


1,990 
1,954 
1,936 
1,933 
2,031 


2.001 
1.930 


? 003 


2,168 
2 058 
1981 
2,101 
2 009 
1,948 

55 


1982 


1,926 
2? 051 


b. & ( 
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beth) 
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958 


920 


Durine the first 6 to 24 hours of treatment there was a reduction in the 


cell water content in all patients, falling below the normal range in 


ill patients. 


patients; in 


severs 


A return to normal oeeurred during convalescence (Fig. 1, A 


») 


Qn admission, tl! 


potassium content of red cells was below normal 1 


mildly ill patients (Nos. 8 and 9) it was in the lower rang 
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PLASMA 
? MG Hoo NA K Cl CoO Pp 
uM uM.) GM./KG. ) MM./KG. MM./K4. MM./KG. MM./L.) MM./L. pH 
26.8 90S $35.7 3.1 98.5 3.7 1.6 6.90 
38.3 10.9 901 132.1 3.4 84.0 7.4 2.2 7.05 
10,8 10.0 931 138.4 2.7 96.7 22.9 0.9 7.35 
56.4 10.7 919 138.0 1.2 97.8 
16.3 901 128.9 6.5 84.0 3.7 7.08 
16.55 926 134.0 3.4 100.0 9.4 
21.0 7.45 
54.0 915 136.7 1.6 102.5 
62.0 £.5 
37.5 SYS 131.2 3.2 104.5 3.6 1.0 7.00 
$1.1 936 142.6 1.9 101.0 20.1 0.3 7.35 
14.3 945 132.4 1.3 98.6 25.4 0.9 7.47 
67.4 930 : 
58.6 929 138.4 39 104.9 _- 
58.6 916 138.0 5.0 103.5 
17.5 895 127.6 5.4 88.9 1.9 2.4 7.15 
40.3 920) 143.0 3.4 104.5 28.7 0.2 7.41 
62.6 913 138.4 Ws 100.6 28.6 1.0 
912 
61.0 914 137.9 3.9 96.3 
44.5 900 130.6 1.8 90.6 11.7 3S 7.21 
15.1 920 133.1 3.9 93.5 26.8 0.5 7.45 
54.6 927 Ae ie | 4.8 90.8 i i f OD 7.41 
63.6 913 129.3 3.8 96.4 29.9 1.0 7.45 
DS.1 O17 129.5 $.1 96.4 0.9 
15.4 916 132.8 3.9 103.5 3.9 7.12 
o0.0 933 134.9 3.6 104.2 
56.1 928 138.6 1.7 105.0 
59.0 915 137.6 1.2 104.6 
61.8 4.6 
7.3 12.5 910 134.2 $.8 99.5 12.0 1.4 7.20 
O99 918 138.3 aa 101.5 28.5 1.3 7.32 
67.9 12.1 91S 139.0 t.4 102.5 1.3 
7 2. 902 126.0 5.9 93.6 7.9 22 7.15 
) 53.2 Q3g 8 26.8 0.6 7.40 
’ 54.1 gry 1.9 315 
62.9 920 142.5 1.9 102.6 
° S1.6 1.2 
D8. 914 141.3 $.0) 101.2 28.0) 7.43 
) 1.2 33 1.1 0.2 2.5 2.0 0.03 
62.5 G07 137.7 iz 100.0 
W7 900 131.0 3.4 93.0 
HN. Q15 148.0 5.8 105.0 
mal (Table 1). In every patient there was a rise in the potassium content 
h therapy (Table I, Fig. 1, B). Red cells in 4 patients (Nos. 4-7) contained 
ormal amount of potassium after 3 days of therapy, but in 1 severely ill 


ient (No. 3) the red cell contained less potassium than normal for more than 


lays. 
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The total body retention of potassium in cells was measured in 5 patients 
Table IT). <A positive balance of potassium in red blood cells and in’ the 
average body cell was seen in all eases, 


The sodium content of red cells on admission was below normal in 5 pra 
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tients, and within normal limits in the other 4 (Table I, Fig. 1, ©). Durine 
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Fig. 1.—The electrolyte and water content of red cells in diabetic acidosis and durit 


recovery : 4, red cell water content B, red cell potassium content: C, red cell sodium cor 
tent; D, red cell chloride content; and FB, red ceil phosphorus content 


recovery, there was an inerease in red cell sodium content in all patients, reac! 
ing values above normal limits in 5 patients. The red cell magnesium conte 
was measured in 2 patients: the observed change did not exceed analyt 
variability (Table I 

The chloride content of red eells was elevated in 5 patients on admissio! 
A fall, often to an abnormally low value, was observed in 8 patients in t! 
first 24 hours. This was followed by a rise to normal during convaleseen: 


(Fig. 1, D). 
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The red cell phosphorus was reduced below the normal range in 3 severely 
ill patients; the reduction in Patient No. 1, who died, was over 50 per cent of 
the normal phosphorus content of red cells. In all patients a gradual rise whieh 
paralleled the red cell potassium changes was observed during recovery (Table 


I, Fig. 1, F). 


The electrolyte composition of plasma on admission was similar to that 


previously reported in patients with diabetic acidosis."“* There was no simple 
relationship between the plasma potassium concentration and the red cell potas- 
sium content. Redueed plasma 


patients (Nos. 1, 2, and 4) on admission, despite the presence of severe acidosis. 


potassium concentrations were present in 3 


The water and eleetrolyte composition of red cells in 6 additional patients 
with diabetes mellitus without acidosis was normal (Table I These data 
further indicate that diabetes mellitus per se does not result in the changes in 
the composition of red cells found in diabetie acidosis. 


ABLE Il. CoNcURRENT RETENTION OF POTASSIUM IN RED CELLS AND ToTAL Bopy BALANCI 


OF POTASSIUM OF CELLS OF 5 PATIENTS DtrRING TREATMENT FOR DIABETIC ACIDOSIS 


TIME STUDIED AFTER 


ADMISSION FOR TOTAL BODY CELL” RED CELL BALANCE 
PATIENT DIABETIC ACIDOSIS BALANCE OF POTASSIUM OF POTASSIUM 
NO. DAYS MM. K/KG. BODY WT. MM./KG. R.B.C, SOLIDS 
= 0-1 3.8 13 
‘ 0-4 $.1 22 
ss 1-16 1.9 10 
6 0-3 3.9 17 
7 0-2 3.5 ue 
& 0-1 97 5 
The total body balance of potassium was corrected for the change in the extracellular 
tassium: content, and in Patients Nos. 2, 5, and 7 for a change in the total body nitrogen 
ince, Using a KEN ratio of 2.84 


DISCUSSION 


Red Cell Water Content.—The red cell water content tends to be variable 


diabetie acidosis. In this condition factors are present which exert opposite 


anges in red cell water content. An increase in red cell water content is 
eeted by the chloride shift accompanying acidosis, and by a reduetion in 
extracellular sodium concentration.'® | A decrease in red cell water content 
produced by water deprivation’? and by loss of intracellular solutes (potas- 


m, sodium, and phosporus?’). In man (and in the anthropoid apes) changes 


plasma glucose concentration are accompanied by equal changes in the glucose 
centration of red cell water, and, therefore, do not affeet red cell water 
tent directly.2!. During diabetic acidosis, the red cells showed a correlation 
water content with potassium, suggesting that the latter was an important 
‘tor (Fig. 2). In the first 24 hours of treatment, a decrease in red cell water 
itent in all patients was related to correction of acidosis. An 


increase in 
| is associated with a loss of red cell chloride content (Fig. 3). 


Red Cell Potassium Content: Possible Relation to Total Body Cell Potas- 


m Status in Diabetic Acidosis.— Previous balance studies indicate that patients 


‘overing from diabetic acidosis retain from 2 to 14 mM, potassium in excess 
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of nitrogen per kilogram body weight.’ This is about 5 to 30 per cent of the 
normal total body exchangeable potassium econtent.??-*4 

Data presented in this report show that red cells from patients with diabetic 
acidosis also contain 5 to 30 per cent less potassium than normal, the deficit 
being greater in the severely ill patients than in the mild to moderately ill 
patients. Repletion of the red cell potassium content to normal oeceurred within 
” to 3 days in the mildly ill patients but required a longer period in the severely 
ill patients. In 3 patients (Nos. 2, 4, and 5) the red cell potassium content 
was still markedly reduced 2 to 3 days after admission when, clinically, they 
were greatly improved. These data suggest that cell deficit of potassium may 


not be related to the acute clinieal symptoms of diabetie acidosis. The absence 




















” T= T T 
Q 
3 2150 * 
° 
~ 
~ 50} 
. | 
0 950 4 
4 
fea 1850 | j i = 
190 200 210 220 230 240 250 260 270 
RBC K, mMM/KG SOLIDS 
Fig. 2.——The relationship of the water and potassium content of red cells in diabetic acidosi 
(admission findings): r +0.82, PP 0.01 
200 pe pies: pees sees ee | 
150 — 
CHANGE IN Rbc H20, e? 
gm/KG. SOLIDS 100 . 2“ 
e 
e e° 
50 4 
0 | ew! 9 1 | ‘ } 
ie) 20 40 60 80 100 


CHANGE IN Rbec CHLORIDE,mM/KG SOLIDS 
Fig. 3.—The relationship of the red blood chloride content to the red cell water content 
the first 24 hours of treatment of diabetic acidosis; 1 0.84, P 0.01, 

of elinieal symptoms in the presence of marked potassium deficit of cells hi 
been noted elsewhere.2®° The balance data of Nabarro* and of our Case 5 
indicate that total body retention of potassium in exeess of nitrogen is gradu 
and continues for several days during recovery from severe diabetie acidosi 
The balance data presented in Table If can be interpreted to indicate that t! 
per cent increase in potassium of all body cells may be quite similar to t! 
per cent increase in potassium content of red cells.*° 


*Complete balance data of Patient No. 5 appear elsewhere 
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Nichols and Nichols’? have reported the chemical composition of red cells 
of a group of patients with diabetie acidosis not treated with parenteral potas- 
sium. The potassium concentration in red cell water of their patients showed 
an inerease during recovery in only 5 of 9 patients and in some patients was 
lower on discharge than on admission. In several of the patients plasma 
potassium concentrations as low as 2.5 mM. per liter were seen 2 to 7 days 
after admission (Fie. 4); however, only normal plasma potassium values were 
seen after the first treatment day in the patients in the present series who were 
viven potassium parenterally (Fig. 4) 

The concentration of potassium in plasma often is not a dependable index 
of the total body cell potassium status during diabetie acidosis, sinee high 
alues are often found in patients who have marked cell potassium depletion. 
This may in large part be due to the effeet of acidosis on the cell to plasma 
potassium concentration ratio, as reported by Burnell and co-workers.** How- 


ever, alter dehydration, ketoacidosis, and renal dysfunction have been corrected, 
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DAYS AFTER ADMISSION FOR DIABETIC ACIDOSIS 
Fig. 4 The plasma or serum concentration of potassium in patients treated with par- 


teral potassium (triangles, present series) compared to the values found in patients not 
en parenteral potassium (circles, patients of Nichols and Nichols*). 


V potassium concentrations are frequently seen. The finding of Holler?* and 
hers, that the musele paralyses which develop during the early treatment ot 
abetie acidosis are accompanied by marked hypokalemia and respond promptly 
intravenous potassium, indicates the importance of avoiding hypokalemia. 
iv Case 1 appears to illustrate this point. 

Nabarro’s data of the caleulated total intracellular potassium status during 
covery from diabetie acidosis show a much greater retention when potassium 
administered early... The same finding is suggested by the data of Seldin 
ul Tarail,? and Danowski.® It is not clear why the early parenteral* 

*Oral potassium therapy would be expected to accomplish the same effect, but 


© 12 hours of treatment patients with diabetic acidosis frequently vomit, and 
take of potassium may be contraindicated. 


in the 
a large oral 
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administration of potassium results in a more rapid accumulation of potassium 
after the first 24 hours of treatment, because the only source of potassium after 
this time is usually food. Possibly, the patients given early parenteral potassium 
have a better appetite. 

Red Cell Phosphorus.—The balance data of Atehley and Loeb! and of 
Butler and co-workers? showed that mildly acidotie, insulin-deprived diabetic 
subjects lost little or no phosphorus in excess of nitrogen and ealeium. The 
balance data of Nabarro and eco-workers*® obtained in patients with severe dia- 


hetie acidosis showed that large amounts of phosphorus were lost in exeess of 
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DAYS AFTER ADMISSION FOR DIABETIC ACID 

Fig. 5.—The concentration of sodium in red cells as determined by (4A) the dire 
ee ee ee (B) as determined by the indirect method (patients of Dar 
nitrogen.* The latter data support the suggestion of Gnuest?® that acidosi 
results in a decomposition of organie phosphates in many body cells, in additior 
to red cells, ILowever, the per cent loss of phosphorus from red cells apparent! 
is greater than the per cent loss of phosphorus from the average body cell. 

Red Cell Chloride —lt has been shown by Van Slyke and associates’ th: 
the chloride concentration of red cells is dependent on the extracellular ehlorid 


*Calcium balances were not obtained. 
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and hydrogen ion concentrations and on the cellular and extracellular con- 
centrations of nondiffusable anions. The largest loss of chloride from red cells 
after treatment in our patients was 97 mM. per kilogram solids (Patient No. 4). 
Since a 70 kilogram adult may have 1 kilogram of red cell solids,’ the chloride 
shift in red cell should be taken into consideration if chloride balances are used 
to derive fluid Space measurements. 


Red Cell Sodium. In potassium deficiencs hot associated with acidosis an 


elevation of the sodium content of red cells as well as muscle cells is usually 
observed, When acidosis is superimposed upon potassium deficieney, the 
usual elevation in cell sodium in musele may not be pronounced or may be 
absent. Knowles and Guest** have reported normal muscle sodium values in 
potassium deficient diabetie acidotie rats. As reported originally by Danowski 
and co-workers,” the sodium and potassium concentration of red cells do not 
change reciproeally in patients with diabetie acidosis, both ions usually being 
lost. 

We are unable to explain the elevation in red cell sodium content which 
occurred in 5 patients during convalescence. In 4 of the 5, the cell potassium 
content had already returned to normal. However, none of the changes in 
red cell sodium concentration of our patients were as labile as those reported 
by others who used the indirect method for analyzing red eells (Fig. 5). As 
discussed elsewhere, greater analytie variability is to be expected when the 
ndirect, rather than the direct, method of analyzing red cells is used.® 

The osmotie adjustments with plasma which accompany the red cell water 


nd electrolyte content changes have been presented in detail elsewhere. 


SUMMARY 


Red cell water and electrolyte composition was determined in 9 patients 
th diabetie acidosis. Usine cell solids as a referenee, the following were 
served : 1) a reduced potassium content, the reduction being roughly cor- 
ated with the severity ‘of illness, (2) redueed or low normal sodium and 
osphorus values, and (3) a @radual increase in the potassium, sodium, and 
osphorus content in 3 to 8 or more days, with treatment whieh included 
renteral potassium. In one half of the patients there was a transient elevation 
the red cell sodium content durine convalescence. The water content of 
| cells on admission ranged from low normal to high, and was correlated 
ectly with the red cell potassium content. During the first day of treatment 

water content fell in all instanees with a simultaneous reduction of the 
| cell chloride content. 


The red cell and plasma potassium concentrations of a group of patients 
th diabetie acidosis treated with parenteral potassium were compared to an- 
er group of patients reported upon elsewhere,’ who were not treated with 
enteral potassium. Reduced plasma potassium concentrations after the first 
atment day were found only in the group not treated with parenteral potas- 


m. A gradual restoration of the red cell potassium concentration to normal 
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was observed in all patients who received early parenteral potassium but the 


red 


Mol 


cells of some of the patients who did not receive parenteral potassium became 


depleted of potassium during the early treatment for diabetic acidosis. 


Evidence of a correlation between the degree of red cell potassium depletion 


and the magnitude of total body eell potassium deficiency is presented. 


We wish to acknowledge the support and advice of Dr. A. M. Butler, Massachusetts 


General Hospital, and Drs. R. Berliner and E. Cotlove, National Institutes of Health. 
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DEMONSTRATION OF HEPATIC MAXIMUM REMOVAL 
CAPACITY (L,,) FOR GALACTOSE IN TLUMANS 


SHELDON S. WaALpDsTeIN, M.D... LAcRENCcE A. GREENBURG, M.D., 
ALFRED 1D). Brags, -Ir., M.D., AND Lester Corn, M.D. 
CHicaco, Tun. 


HEN substances are transferred aeross living membranes by processes 
W viet use enereyv derived from cellular metabolism, the transfer is known 
as ‘‘active transport.”’' One important characteristic of such transport is that 
when increasing loads of the substance transported are presented, a fixed maxi- 
mal transter rate is eventually reached (saturation), bevond which transter 
cannot be inereased no matter how great the load. For the kidney, transport 
maxima (T,,’s) for substances whieh are reabsorbed or secreted by the renal 
tubule have been demonstrated and earefully characterized. 

Several authors have shown that the liver has a maximum removal capacity 
for sulfobromophthalein (BSP) and have used the term ‘‘L,,’’ to represent. it 
(and presumbably other hepatie transport maxima, as well). Reeently, the 
theory for a noneatheterization clearance method for estimating hepatic blood 
flow was presented, which is based upon the use of a test substance for which the 
liver has such an [,,.° However, direct evidence for the existence of hepatic 
li, Ss for substanees other than BSP which are removed from the blood, or 


secreted into the blood or bile by the liver, has been lacking. The purpose o 


the present report is to provide such direet evidence of an L,, in the normal 
human liver for galactose. The use of galactose to demonstrate an L,, (in this 
instance, a removal L,,) was suggested by the observed behavior of this sub 
stance after single intravenous injection.” Constant infusion to concentration 
equilibrium was used to minimize error caused by the rates of diffusion into, 
and mixing within the ultimate volume of distribution. Galactose titration was 
used to demonstrate the L,, in a manner similar to the elassical use of g@lucos 


titration to demonstrate the glucose reabsorptive T,, of the renal tubule.’ 


MATERIALS AND METHODS 


Fifteen men, between 22 and 62 years of age, convalescent from a variety of nonhepati 
disorders, were the subjects of this study. Physical examination and a battery of liver test 
were negative for hepatic abnormalities in every subject. All studies were done with th: 
subject in a fasting condition and sedated with promazine hydrochloride 50 mg. intra 
museularly. 
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After voiding and discarding the urine, the subjeet drank 1 to 1144 L. of water to in 


sure an adequate output, so that subsequent urine collection did not require urethral catheter 


zation and its attendant hazards.s From time to time he drank additional water to maintain 


rine output. Urine was collected after a timed interval of approximately 80 minutes, the 


volume recorded, and an aliquot used to measure nongalactose-reducing substances, the 
rate of excretion of which varied from 0.5 to 3.5 mg. per minute (average 1.1 mg. per 
minute). It was assumed that the excretion of these substances was constant throughout 
the experimental period. The control rate of excretion was subtracted from the excretion 
rate of total reducing substances in the subsequent galactose-containing urine samples ts 


ypotain galactose excretion rates during the experimental pet ods. 


Constant infusion of galactose at a predetermined rate was accomplished by means of 
a motor-driven syringe pump* which was known to deliver either 


1.69 or 2.54 ml. per minute 
depending upon the 


gear ratio used. The 50 ml. pump syringe was refilled during the in 
fusions from a reservoir connected to it by means of a threeway stopeock, The 
time of interruption of 


maximum 
an infusion in order to refill the svringe was 105 seconds, but inter 


ruptions averaged only 33 seconds. Priming doses were injected through the stopeock. The 


syringe was connected by polyethylene tubing of PE 240 gauge to an indwelling 19 gauge 


needle inserted into an antecubital vein of the left arm. 
Peripheral blood samples, each 3 to 4 ml. in volume, were obtained by means of an 


indwelling 18 gauge Cournand needle inserted into an antecubital vein of the right arm. 


Samples from the hepatic vein were obtained by means of a F7 Nylon cardiae catheter which 
had been introduced into the left cephalic vein and advanced into a right hepatic vein under 
+] 


loroscopie guidance, Each blood sample was immediately transferred to a 50 mil. flask 


ontaining dried heparin as the anticoagulant and thoroughly mixed. 


In 1 subject, a single infusion of galactose was carried out for 79 minutes to demon 
that peripheral concentration equilibrium was attainable and maintainable. In 


f the next 12 subjects, 2 


trate each 


rates of infusion (galactose titration) were carried out as follows: 
10 mi. control sample of galactose free peripheral blood was obtained. The tirst 


(and 
lower) infusion was then begun and 


30 minutes allowed for equilibrium to be reached, at 
hich time the first urine sample was collected. 


Three to 7 peripheral blood samples were 
en collected 


at approximately 5 minute intervals, after which the second urine sample 
as collected. A second and faster infusion was then started. This was accomplished either 
changing the gear ratio of the pump and using the original infusate, or by maintaining 
e original gear ratio and changing to an infusate of greater concentration. If the second 
te of infusion was much greater than the first, a priming injection of 50 per cent galactose 
as given. After another 30 minutes to permit equilibration, urine and peripheral blood 
mples were obtained as before. All sample collections and interruptions of the pump for 
tilling or change of infusion were accurately timed by a stopwatch, with the start of the 
st infusion as reference time. It will be noted that the second and fourth urine samples 
‘re the ones collected during the equilibrium period. Finally, in each one of 2 additional 
jects, hepatie vein catheterization was performed in conjunction with a single galactose 
fusion. In these, blood from peripheral and hepatic veins was sampled frequently through- 
the entire infusion period. 


The galactose solutions that were infused were prepared to approximate concentrations 


the addition of 0.9 N NaCl to 50 per cent galactose solution 
tion (Pfanstiehl). 


(w/v) for intravenous in 
A sample of each infusion was later analyzed for exact concentration. 
s permitted calculation of exact infusion rate from the known volume delivery rate of 
calibrated infusion pump. Infusions and urine samples were analyzed for galactose by 
Nelson-Somogyi hexose method.9 Galactose in whole blood also was anaiyzed by this 
thod after glucose in blood had first been eliminated by incubation with highly purified 


cose Oxidase.10 Repeated analyses done by this technique are accurate to within 5 per 


galactose was 


t in our experience. Regardless of blood concentration, 5 per cent of the 


*Aminco Motor-Driven Compensator, American Instrument Co., Silver Springs, Md. 
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lost because of the glucose oxidase,!” and was corrected for in the final calculation of galactose 


concentration, The small amount of nonhexose-reducing substance present in the blood was 
ineasured after treatment of the control-blood sample with glucose oxidase. This amount 
Was subtracted from all subsequent galactose-containing samples. \ standard solution of 


galactose, added to the control blood, and analyzed with, and without, glucose oxidase treat 


ment, served to demonstrate that neither enzyme inhibition, nor unusual enzyme activity against 


galactose, occurred in the samples tested. 
Caleulations from the results obtained during the equilibrium periods were: 
> . veh xe R e , U : 
1) R | D, (2) Ch ~and (3) Cl ~ Where Rois the removal rate of ga 
P xy 
\ 
lactose within the body mg. per minute), Lois the rate of infusion (S mg. per minute), U is 
the averaged urine excretion of galactose (S mg. per minute), Cly is the ‘hepatic’? clearance 
of galactose (milliliter per minute), P,, is the averaged peripheral blood concentration 


milligram per 100 ml.), and Cl, is the renal clearance of galactose (milliliter per minute 


Only the urine samples collected during the equilibrium periods were used in the caculations 
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Fig. 1 Results of infusion of galactose at the constant rate of 292 mg. per minut 
for 79 minutes. The dotted line represents the arithmetic mean of the 10 values for P obtains 
during the concentration equilibrium, and is referred to as P.,q in the text 









Fie. 1 illustrates that concentration equilibrium ean be attained and mai 
tained for a considerable period. In this subject, a constant infusion of gala: 
tose at the rate of 292 mg. per minute was given for 79 minutes. A priming 1) 





jection of galactose was not given. The peripheral blood concentration of gala: 








tose (P) rose steadily, until a level of 15.65 mg. per 100 ml. was reached after 2 
minutes of infusion. The galactose content of the urine collected at this time w: 
95.0 me., averaging 3.4 mg. per minute for the first 28 minutes. However, t! 
average has little meaning because it is an average of urine which was form 
both when galactose levels in blood were very low and galactose exeretion in uri 
was negligible, and when levels in blood were higher and exeretion in uri 
was appreciable. The galactose concentration of the subsequent 9 periphe 








me 55 HEPATIC MAXIMUM REMOVAL CAPACITY FOR GALACTOSE 465 


blood samples, drawn over the next 45 minutes, varied only slightly from the 
25 minute sample. The arithmetic mean of these values was 15.95 mg. per 100 
ml., with a standard deviation of 0.79 mg. per 100 ml. (The arithmetic mean 
will be referred to henceforth as P,,, the mean equilibrium peripheral coneen- 
tration, and is shown as the dotted line in Fig. 1.) Urine collected during the 
equilibrium period, from 28 to 79 minutes, contained 290 mg. galactose, or a 
mean galactose of 5.7 mg. per minute. This average means more, because 
peripheral blood concentration was constant during the period of formation of 
this urine. During the equilibrium, the rate of disposal of galaetose through 
all routes must have equalled the rate of infusion, since the peripheral blood 
level neither rose nor fell. In this instance, therefore, extraurinary, intra- 



























































corporeal removal of galactose (R) was equal to 292 (1) — 6 (U) or 286 mg. 
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Fig. 2.—Typical results of galactose titration in 2 subjects. Left: in Subject 3, infusion 
galactose at the rate of 244 and 302 mg. per minute respectively, resulted in little loss of 
.ctose in the urine and low values for Pea. Right: in Subject 10, infusion of galactose 
the rate of 598 and 684 mg. per minute, respectively, resulted in large losses of galactose 
the urine and high values for Peq. The arrows indicate priming doses of 16 Gm. galactose 


; ' 5.7 sti , 
por minute. Renal clearance of galactose (Cl) = 016 > 35.6 ml. per minute. 
-10 
' nally, assuming for the moment that all intracorporeal removal was due to 
ae — ' 4 \ _. 286 ” 
li patie aetivity, ‘“‘hepatie’’ clearance of galactose (Clq) = i 1,790 ml. 
10 


minute. 

Table I presents the data obtained in the next 12 subjects, in each of whom 
evels of galactose infusion were done (galactose titration). Rates of in- 
ion, mean equilibrium peripheral concentrations, standard deviations of P 

1 om P,,, and urine excretions of galactose per minute, as well as the ealeulated 
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values for R, Cle, and Clq for both periods in each subject, are listed. The 
first rates of infusion varied from 122 to 671 mg. per minute. The second rates 
of infusion varied from 186 to 726 mg. per minute. The differences between 
paired infusions varied from 35 to 169 mg. per minute. The times for infusions 
varied from 45 to 70 minutes, with an average of 58 minutes per infusion. The 
number of observations, from which P,,, was ealeulated, varied from 3 to 7, 


vith an average of 5.1. The small standard deviations of P from P,, indicate 


eq 
that satisfactory equilibria were attained. 
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Fig. 3 Relation of urine excretion rates and mean egilibrium peripheral concentrations 
nfusion rates of galactose. Inset: comparison of excretion rates to equilibrium concentra- 


s. The upper dotted line represents a renal clearance cf 120 ml. per minute, the lower 
ted line, a clearance of 80 ml. per minute. 
Representative of the results typieal for the method are those plotted in 
liv. 2. In Subjeet 3 (Fig. 2, left), the rate of infusion for the first period was 
time. per minute and for the second period 302 mg. per minute. U was + mg. 
minute in the first period and 7 mg. per minute in the second. P,., was 
> and 16.5 for the respeetive periods. With both infusion rates well below 
s<imum removal capacity, P., and U were small. In Subjeet 10 (Fig. 2, 
it), by contrast, infusions at rates of 598 and 684 mg. per minute, re- 
s) -etively, effected much higher concentrations in the blood and exeretions in 
urine. The first infusion exceeded maximum hepatic removal capacity. 
exeess had to be eliminated in the urine in order to attain concentration 
librium. At equilibrium, P,, was 116.6 mg. per 100 ml., and U was 94 mg. 
minute. With the second infusion, the increment could not be removed 
racorporeally and had to be eliminated in the urine to attain coneentration 
ilibrium. Now, P.q was 225.5 mg. per 100 ml., and U was 177 mg. per 
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March, 1960 
minute. Thus, in Subject 3, an increment of infusion of 58 me. per minute 
effected a concentration increment of only 6.0 mg. per 100 ml., and a urine 
excretion increment of only 3 mg. per minute. In Subjeet 10, by contrast, an 
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Fig. 5.—Galactose titration curve, derived from data obtained, in 12 subjects with: 
liver disease. The coordinates differ from those classically used to plot titration curves (« 
for the kidney) in that the abscissa is Peq instead of load per removal maximum ratio, a! 
the ordinate is removal instead of removal per removal maximum ratio. Because remo\ 
maxima and loads could not be determined for each subject, these ratios could not be « 
culated for each individual. In the absence of extrahepatic removal, for an individual havi 
a removal maximum of 500 mg. per minute and a hepatic blood flow of 1,000 ml. per minu 
a removal per Lm ratio of 1.0 on the ordinate would correspond to the point labeled 5 
and a load per Lm ratio of 1.0 on the abscissa would correspond to the point labeled 50 
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infusion increment of 86 me. per minute effected a concentration increment of 
108.9 me. per 100 ml., and a urine excretion increment of 83 mg. per minute. 
The latter thus aeeounted for more than 96 per cent of the increment infused, 
which indieates that further intracorporeal removal of galactose was not aec- 
complished, despite the faster rate of infusion. 

The graphs (Fig. 3) were obtained when U and P,, for each set of exper- 
iments were plotted against I. At rates of infusion up to 500 mg. per minute 
only small amounts of galactose were lost in the urine, and P,,, increased only 
moderately with the increasing rates of infusion. At rates of infusion above 
900 me. per minute, exeretion in the urine markedly inereased, and equilibria 
were obtained at greatly increased peripheral concentrations. As illustrated in 


the inset of Fie. 3. U was, in eveneral, proportionate to P 
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Fig. 6 Peripheral (circles) and hepatic vein (squares) concentrations of galactose dur- 
constant infusion of galactose in 2 subjects of equal height and weight. No priming 
ctions were given, and sampling was discontinued before concentration equilibrium was 
‘ined. The dotted line is an average of the initial hepatic vein concentrations. That these 

not the zero expected by theory may have been due to sampling error caused by reflux 
1 the vena cava or by arteriovenous shunts. The arrows indicate the time at which P first 
eded 30 mg. per 100 ml 


Fig. 4 shows a comparison between the calculated intracorporeal removal 
e, R, and the rate of infusion. It can be seen that the removal rate was pro- 
rtionate to the rate of infusion for all infusions up to approximately 580 

per minute. At faster rates of infusion, intracorporeal removal did not in- 
ase significantly above 500 mg. per minute. The attainment of a maximum 
oval rate was shown more strikingly in the plot of R against P., (Fig. 5). 


moval rate increased proportionately to the equilibrium concentration, until 
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the latter was approximately 70 mg. per 100 ml., and R was about 500 mg. per 
minute. At all concentrations above this level (the highest being 225.5 mg. per 
100 ml.), intracorporeal removal did not significantly exceed 500 mg. per minute. 
It should be noted that the ascending portion of the curve, shown in Fig. 5, 
joins the horizontal portion by a gradual smooth curve, rather than by an acute 


angle. 
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Fig. 7.—Relation of calculated “hepatic” clearance of galactose to Peq in 12. subject 
without liver disease. In all but 1 subject (No. 4) an inverse relation between concentratior 
and clearance was found. The fact that this relationship holds as well for the range of P 
below 30 mg. per 100 ml. suggests the presence of a small amount of extrahepatic remo 
of galactose 
Hepatie vein catheterization was performed in conjunction with galactos 
infusion in 2 subjects, who were of similar height and weight. In each, priminy 
doses were not given, and blood from both peripheral (P) and hepatie (1H 
veins was sampled frequently, in order that the appearance of galactose | 
the hepatie vein in relation to its concentration in the periphery (Fig. 6) cou! 
be studied. In each subject, the first hepatie vein concentrations obtained we) 
not truly zero, but were 5.4 mg. per 100 ml. This base line value is shown 
the dotted line in Fig. 6. In the first subject (solid symbols), infused at a ra 
of 484 mg. per minute, H did not exceed the initial value in the 8 samp! 
drawn during the first 55 minutes of infusion. During this period, P was le 
than 30 mg. per 100 ml. When P exeeeded this concentration (arrow), H fir 
rose above the base line. In the second subject (open symbols), a faster galacto 
infusion, at a rate of 684 mg. per minute, was given. P rose much faster a! 
exceeded 30 mg. per 100 ml. in 10 minutes. It was at this time that galacto 
concentrations, greater than the baseline, first appeared in blood from 1 
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hepatie vein. H_ inereased steadily thereafter in keeping with the rising P. 
However, the slope of the ascending curve of H was shallower than that of P, 
and even at the termination of the experiment the 2 curves were not parallel. 

The curve (Fig. 7) was obtained when intracorporeal clearance (*‘hepatie”’ 
clearance) of galactose was ecaleulated for each pair of infusions in each sub- 
ject, and the results plotted against P,,. In all, with the exception of Subject 4, 
an inverse relation between clearance and equilibrium concentration was found 
at all levels of yn ineludinge those below 30 me. per 100 ml. 


DISCUSSION 


It is generally agreed that substances move across biologie membranes by 
simple diffusion, facilitated diffusion, or active transport.’ Active transport 
implies that a substance is transferred across these membranes against a con- 
centration gradient by using energy derived from cellular metabolism. How- 
ever the gradient may be difficult to demonstrate, and the other mechanisms ot 
transfer may appear to have an effect on this. Other linportant features of 
active transport are that the transfer is unidirected and that there is a non- 
linear relation between rate of transfer and concentration, so that eventually 
saturation of the transport system oecurs, and a fixed maximal rate of transfer 
is attained. The renal tubular epithelium has been shown to utilize active trans- 
port, for transter of a number of substances. Determination of the maximal 
rate of transter (T,,) for tubular reabsorption of some (e.g., glueose), and 
tubular secretion of others (e.g., paraaminohippurate), has become a standard 
procedure in the study of renal physiology and pathology.° 

The role of aetive transport, and particularly of transfer maxima, by the 

ver epithelial cells has not been so clearly defined or demonstrated. Mason 
nd eo-workers,’ Lewis,* and Versechure® have each shown that the liver has a 
mited capacity for the uptake of sulfobromophthalein (BSP) from the blood, 
nd have caleulated the maximum rate from known rates of infusion and chang- 
» peripheral blood concentrations. By analogy to the term T,, for tubular 
ss, the term L, was proposed for ‘‘functional hepatie mass.’** Although T), 
iv also be taken to stand for ‘*transport maximum’’ and thereby be perfectly 
itable to the liver, as well as to the kidney or to any other tissue, its usual 
ntifieation with renal tubular maxima makes the use of distinet designations 
other organs desirable. Sinee L,, has been previously used for the liver, 
use has been continued in the present study. 

When a substance is infused intravenously at a constant rate, concentration 

librium is attained only when the rate of disposal by all means is equal to 
infusion rate, for if disposal is slower than infusion, the concentration will 
, and if it is faster, the concentration will fall. Infusion at a constant rate 
‘oneentration equilibrium not only affords a means of easily measuring dis- 
sal rate, but avoids, as nonequilibrium states do not, estimation of such factors 
volume of distribution, rate of diffusion, and rapidity of mixing, which may 
very difficult, if not impossible, to measure. Berger and co-workers'™ have 
licated that even constant infusion studies may be misleading, and the 
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apparent equilibrium may be an illusion. Within the bounds of practical clinical 
studies, however, this technique seems to avoid many pitfalls, and is the best 
available. It was used, therefore, in the present study. Galactose was chosen 
to be the substance used to study L,, in the liver for several reasons. Repeated 
clinical experience has shown that galactose removal from the blood depends 
primarily upon hepatocellular funection.'* '*  Reeently, the liver cell has been 
shown to contain a specific enzyme system which converts galactose to elucose.'* 
Enzyme systems are often a feature of active transport, and renal transport, 
at least, often conforms to the behavior predicted on the basis of enzyme-sub- 
strate interactions.' Although the red blood cell and the brain also contain 
some parts of the same enzyme system,'’ the liver has been shown to be the 
major site, quantitatively, of galactose uptake.'’ Finally, the observed behavior 
of galactose after single intravenous injection suggested the presence of a re 
moval process with a maximum limiting rate." 

To demonstrate the L,,, galactose titration was emploved. By titration 1s 
meant the measurement of removal at successively increased loads to determine 
the load at which maximum removal is reached. Smith and co-workers’ used 
the titration technique to demonstrate reabsorptive maxima for glucose by thi 
renal tubule. They were able to titrate each subject with many different loads. 
In the present study each galactose load was infused for an extended period 
(average 58 minutes) to assure adequate equilibrium. It was not practical, 
therefore, to do more than 2 infusions for each subject, as this would have ex 
tended the procedure to intolerable lengths. Nevertheless, the data from the 
24 infusions into 12 subjects (Figs. 4 and 5) were in close agreement, and thi 
individual values deviated very little from a single curve. 

When the removal rate (R) was compared to rate of infusion (Fig. 4) and 
to equilibrium concentration (P,,) (Fig. 5), it was found that intracorporea 
removal did not significantly exceed 500 mg. per minute. Note that in Fig. 
the abscissa is P,,, not load. Because blood flow was not simultaneously meas 
ured, load (which is the product of flow times concentration) could not be know) 
exactly. It is load rather than concentration with which we are concerned, fo 
it is necessary to know that load was excessive and that every opportunity fo. 
maximal removal was afforded, in order to conclude that a maximum remova 
capacity was shown. <A few simple calculations assure that load was indee: 
well in excess of removal capacity in these experiments. For blood galactos 
concentrations between 70 and 225 mg. per 100 ml., the maximum intracorpore: 
transfer rate was 500 mg. per minute. Hepatic removal by itself could, ther 
fore, have been no greater. If hepatie blood flow was 1,500 ml. per minute (t! 
average normal), then load varied from 1,050 to 3,375 mg. per minute, and loa 
removal maximum ratios varied from 2.10 to 6.75 in this range of conce 
tration. If flow was as low as 500 ml. per minute (quite extreme for normals 
load: removal maximum ratios varied from 0.70 to 2.25. If flow was as hig 
as 3,000 ml. per minute, ratios varied from 4.20 to 13.50. It seems reasonal 
to assume, therefore, that the load presented to the liver was well in excess 
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hepatic removal eapacity at all concentrations corresponding to the horizontal 
portion of the eurve (Fig. 5). Similar reasoning can be applied to all other 
possible, though quantitatively less important, sites of galactose removal. 

The facet that intracorporeal removal did not increase, despite increasing 
loads, demonstrates the presence of a fixed maximum transfer (removal) rate, 
presumably eaused by saturation of the transport system involved. The pres- 
ence of a total body maximum removal rate implies that each of the sites effect- 
ing removal individually has a maximum rate, for if the removal rate of even 
one site was unlimited, total body removal would be unlimited. A body of evi- 
dence attests to the fact that the liver is the major site of removal of galactose 
from the blood. The liver thus appears to have a maximum capacity for removal 
of galactose. 

Extrahepatic, intracorporeal removal is also likely. In animals, which have 
undergone hepatectomy, nephrectomy, and evisceration, galactose disappears 
from the blood, although at a slow rate.'* Studies in which radioactive C™ 
valactose has been used have demonstrated metabolism of this compound by tis- 
sues other than the liver.'* The results of the present study are also in keeping 
with a small amount of extrahepatic removal of galactose. By hepatie vein 
catheterization, it was shown that significant galactose did not appear in the 
hepatie vein until P reached 30 mg. per 100 ml. (Fig. 6). When P was greater 
than 70 mg. per 100 ml. there was constant removal of galactose (Fig. 5). There 
were, therefore, progressively smaller extraction ratios for rising values for P. 
(Given a constant hepatie blood flow, clearance can be expected to have decreased 
with increasing values for P above 30 mg. per 100 ml. Below this concentra- 
tion a constant hepatie clearance equal to hepatic blood flow could be expected, 
if the liver were the sole site for galactose removal. Examination of the plot 
of clearance against P,, (Fig. 7) shows an inverse relation of clearance to 
P., at all levels, including those under 30 mg. per 100 ml. One explanation for 
this finding is the presence of a small, but constant, amount of extrahepatic 


removal.* 


*Assume that intracorporeal removal, R, is caused by both liver removal, Lr, and extra- 


I itic removal, Er. Further assume that FE, has a maximum capacity (Em) that is 10 per 
‘ of total intracorporeal removal capacity, and that liver maximum capacity (Lm) is 90 
| cent of intracorporeal capacity If R maximum is 500 mg. per minute, then Em is 50 mg. 
} minute, and Lm is 450 mg. per minute. If hepatic blood flow (HBF) is 1,500 ml. per 
! ute, load (flow x concentration) will exceed Lm at P 30 mg. per 100 mil As P is de- 
ised below this concentration, load to the liver will become progressively smaller and less 
thin Lm, and complete removal will be effected Because of the magnitudes, however, of 
¢ ihepatic flow and Em, load to these sites will exceed Em at almost any measurable P. 
Ho nce, as P is decreased, Lr will be proportionately decreased, whereas Er will be constant 
at its maximum, Em. Since HBF aT (Fick), and Clu a when H is zero, 

Cc HBF. Thus, when P is between 1 and 30 mg. per 100 ml. and H is zero, Cla should 
t onstant and equal to HBF. But if R is really Lr plus Ey, then, substituting R 


ly in the clearance equation will result in a progressively larger overestimate of Lr 
’ is lowered, because of the progressively larger contribution to R made by Em. In the 


’ . ? a 150 2 : 
€ iple cited, when P 30 meg. per 100 ml. using Lr, Cla , - 1,500 ml. per minute, 
.30 
, : : : : i 500 “as , 
apparent clearance, using R instead of Lr, is: Clu = =a” 1,666 ml. per minute, an 
is 

f iate that is 111 per cent of the true value. When P = 5 mg. per 100 ml., Lr 75, 

Em = 50 mg. per minute. Using Lr, Clr 4 = 1,500 ml. per minute, but using 
0.05 

I 7 125 -— . . * _ 

H a 2,500 ml. per minute, an estimate that is 167 per cent of the true value. 
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The theoretical plot of concentration (or load) against removal of a sub 
stance transferred by active transport shows increasing removal with increasing 
load, until the maximum transfer rate is reached. At this point of saturation 
of the transport system, the ascending straight line has an abrupt point ot 
inflection, and meets the horizontal line of constant removal. Departure fron 
this ideal curve, with a gradual transition from the ascending to the horizonta 
portion, instead of an abrupt, acute angle, has been termed splay.’ The sig 
nificance of splay in titration curves of renal tubular function has been dis 
cussed extensively. '*° The significance of splay in the galactose titration 
curve (Fig. 5) is, for the present, unknown. In part, it may be due to thi 
fact that the curve was derived from galactose titration of 12 subjects. Another 
possibility is that there exists a range in the liver, as in the kidney, wherei 
saturation of the transport mechanism is completed in some areas before it is 
completed in others. This would give rise to a minimum threshold, below whic! 
no area spills galactose, as well as a maximum threshold, above which all areas 
spill galactose. From the data of the present study, the minimum threshold 
ean be expected to be near 30 mg. per 100 ml. and the maximum near 70 me 
per 100 ml. As shown by eatheterization, galactose does not appear in thi 
hepatie vein in significant amounts below a peripheral concentration of 30 me 
per 100 ml. (Fig. 6).2" ** This can be taken to mean that no area of the live: 
is saturated and, therefore, no spill occurs. Above 70 mg. per 100 ml., maximu 
removal is reached (Fig. 5). Hence, all areas must be saturated and be spilling 
It can be supposed that between 30 and 70 mg. per 100 ml. some areas are satu 
rated and some are not. This is partly supported by the fact that up to yp» 
ripheral levels of 68 mg. per 100 ml., the slope of hepatie vein galactose appea! 
ance is less steep than the slope of rising peripheral concentrations (Fig. 6 
However, further studies will be necessary before the interpretation of these 


findings can be made with any confidence. 


SUMMARY 

Evidence for the existence of a maximum removal capacity (L,,) for gal: 
tose in the human liver has been obtained from the results of galactose titratio! 
in each of 12 subjects, who had no liver disease. Intracorporeal removal 0! 
galactose was calculated from the known rate of infusion, and trom the mea 
ured rate of exeretion in urine during the period of blood concentration eq! 
librium, for each of 2 infusions in each subject. At equilibrium, excretion 
galactose in urine was proportionate to its peripheral blood concentration. 

From the data, a titration curve can be constructed which primarily rep! 
sents hepatie transport of galactose. It is splayed from the theoretical conce: 
tration—transfer rate curve. The maximum intracorporeal removal capacity | 
galactose is normally approximately 500 mg. per minute. Although the great: 
part of this removal capacity is hepatic, a small amount of extrahepatie remo" 
probably oceurs. 

Saturation methods appear to be applicable to the study of the liver and 
afford another means of assessing hepatocellular function. 
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MEASUREMENT OF BODY RADIOACTIVITY FOR STUDIES OF 
SODIUM METABOLISM 
GERALD J. Hinge, Po.D., Paun 1. JAGGER, M.D..* axnp BELTON A. BURROWS, M.1) 
Bostox, Mass. 
With THE TECHNICAL ASSISTANCE OF JOHN A. CARDARELLI 


HE metabolic behavior of radioactive tracer clements and tagged compounds 

in man has been studied in the past mainly by in vitro measurements of thy 
radioactivity of biologic samples, such as serum, red cells, exereta, or exeised 
tissues. In vivo measurements have been limited mainly to the external count 
ing of accumulation and discharge of gamma ray emitting radioactive elements 
and tagged compounds which tend to concentrate in specific organs or body sites, 
such as thyroid, kidneys, liver, spleen, or bone marrow. Recently, it has becony 
possible to extend in vivo teehniques to include the measurement of gamma 
radiations emitted from radioactive tracers which are distributed throughout 
body tissues, without marked concentration in any particular area. This has 
been made possible by the development of external counting systems that ar 
capable of recording the gamma rays emitted from the whole, or at least thi 
major part, of the human body.' 

An important application of body counting is the long-term investigatiot 
of sodium metabolism with the long half-life (2.6 vears) gamma ray emitte 
Na*’ used as a tracer. In the past, changes in body content of Na®* after the 
administration of a known tracer dose have been determined either by meas 
uring urinary Na** excretion or by following changes in serum Na** concentratior 
It has been shown, however, that agreement between these 2 methods is often poor 
and that even in normal subjects, the observed (apparent) half-time for urinai 
excretion of Na®* may be 2 or 3 times the half-time for fall off of serum cor 
centration.” With body radioactivity counters, it is now possible to measur 
changes in body content of Na? directly.*: . 

A body radioactivity counter which has been designed for ¢linical trac 
studies will be described, its gamma ray counting characteristies will be dis 
cussed, and an example of a Na®* study in a normal subject will be presented 


MATERIALS AND METHODS 


Body Radioactivity Measurements——A single large sodium iodide erystal (4. inches 


diameter and 4 inches high) in a copper container with a quartz window has been used 
, From the Radioisotope and Medical Services, Boston Veterans Administration Hospit 
The Robert Dawson Evans Memorial, Massachusetts Memorial Hospitals, and the Departny 
of Medicine, Boston University School of Medicine, Boston, Mass. 

Supported by Contract No. AT(30-1) 919 between the Atomic Energy Commission 
Massachusetts Memorial Hospitals. 

Received for publication July 6, 1959. 

*Public Health Service Post-Doctoral Research Fellow, National Heart Institute 
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Number 


radioactivity measurements of the body. The sodium iodide crystal, with its photomultiplier 
tube, is enclosed in a eylindrie 5-ineh-thick steel shield which is open at one end (Fig. 1). 
All pulses from the crystal are counted as a function of pulse height with a 256-channel 
pulse height analyzer.” 

The subject is seated in a contour chair beneath the open end of the shield, and the 
center of the crystal is positioned at 50 cm. from the midline of the body (Fig. 2). In this 
position the crystal measures mainly the radioactivity from the subject’s trunk, as is shown 
by the relative counting rates of a point source in air at the positions indicated in Fig. 2. 
lnereasing counting losses with increasing angle from the center axis of the erystal are due 
to absorption in the shield which surrounds the crystal. The absorption of the gamma rays 
by the patient ’s body has not been taken into account, in Fig. 2. 

With the sodium iodide crystal inside the 5-inch-thick steel shield, the main contribution 
to the background counting rate is the natural radium and potassium radioactivity in the 
conerete floor and the asphalt tiles beneath the counter. When the area under and around 
the contour chair is covered with low radioactivity Dunite brickst and lead (Fig. 2), the 
background counting rate is markedly reduced. 

Sample Measurements.—The radioactivities of serum and urine samples were determined 
na Nal( TL) well-counter. Chemical sodium concentrations of these samples were measured 
by flame photometry.} 

Clinical Study.—A healthy man received intravenously a 12 we Na22 tracer dose. For 
the first 7 days after the Na22 injection, he took his normal diet, which had a variable sodium 
content, During the next 11 days he took a liquid synthetic diet which provided not more 
than 1 mEq. of sodium per day.§ During the following 8 days, the subject continued the 
liquid diet, with the addition of an intravenous infusion of 235 mEq. of sodium chloride in 
the form of 5 per cent saline solution. During the final 12 days, the subjeet again took his 
normal diet, which had a variable sodium content. 

Urine collections were made from one morning to the next, and were ended when the 
patient was in a relatively fasting state. Every 1 to 4 days, venous blood samples were 
tuken after the urine collection was made. 

Radioactivity measurements of the body were made twice daily (morning and after 
on), after the subject rested in the contour chair for 15 minutes. Only the morning meas- 
ements were used in the calculations described in the next section; the afternoon measure- 
nts served as a cheek, 

CALCULATIONS 

The fraction of the initial Na22 tracer dose, which remained in the subject after each 
ne collection period was determined both by counts of radioactivity of the body and by 

surements of urinary excretion of Na2?. Since uniform distribution of radiosodium 

ughout the body requires at least 15 hours in the normal subject,5 and since some ex- 
tion of the radiosodium occurs during this period, a count of radioactivity of the body, 

i truly represents 100 per cent of the Na22 dose, is not obtainable. It was assumed, 

efore, that the urinary excretion of Na22 for the first 24 hours accounted for the total 

loss during that period, and that the count of radioactivity of the body at the end of 
first 24 hours corresponded to the retention in the body which was determined from the 

* measurements. 

Exchangeable sodium (Na,) was calculated from the formula: 


Body Na22 retention (per cent) ’ : : . 
sincera = sacs UE a _____ x Serum sodium concentration (mEq. 
Serum Na22 concentration (per cent per liter) 





liter), where Na22 retention in the body and Na2? concentration in the serum were ex- 
‘sed as percentages of the initial dose. Exchangeable sodium was calculated both from 
ition determined by the body counter and from urine data. 





*Radiation Counter Laboratories, Inc., Skokie, III. 

tHarbison-Walker Refractories Co., Pittsburgh, Pa. 

tFlame Photometer Model 146, Perkin-Elmer Corp., Norwalk, Conn. 

$The major components of the diet were supplied as Product 3060-1-A by Mead Johnson 
mpany, Evansville, Ind. The diet contained only 1,500 calories per day, because the 
ct wished to reduce his weight. 
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Fig. 1 Mounting of 5-inch-thick steel shield for 4 by 4 inch Nal(Tl) crystal. Che 
1,200 pound shield has an outside diameter of 16 inches and a height of 20 inches By 
motor it can be raised and lowered, or moved from right to left The steel shield rotate 
around a horizontal axis, so that it can be directed at any angle The whole mounting unit 
runs back and forth on tracks (not shown in figure) 

a Z 
|_ Photomuitiplier 
(6364 ) 
Scole inches ode - ae S 
brett ree ae 7 
° . 10 — ' nee! 4 
— ] 
Ounite Bricks 
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Fig. 2.—Position of subject in contour chair beneath 4 by 4 inch Nal(TI) ecryst 
Contour chair rests on 6 inches of Dunite and 2 inches of lead bricks. The midline of U 
subject is about 50 cm. from the center ef the crystal. The numbers refer to the relativ: 
rates in the 1.28 mev. photopeak from a Na™ point source in air at the positior 


counting 
indicated. 
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RESULTS 

Body Radioactivity Counter. 

Background counting rate: Since the gamma rays emitted by most radio- 
isotopes have energies between 0.2 and 2.0 mev., the background counting rate 
for this energy interval was determined. For the Nal( TI) ervstal setup de- 
scribed above, about 1,000 ¢.p.m. were recorded with energies between 0.2. to 
20 mev. This is about 3 times the background counting rate observed by others 
with a 4+ by 4 ineh sodium iodide erystal completely shielded inside a_ steel 
room.’ 

Gramma ray counting efficiency: The counting efficieney of a sodium iodide 
erystal for the gamma rays emitted from a small source at a given distance from 
the erystal center depends on the diameter and thickness of the erystal, as well 
as on the energy of the gamma rays. The total number of counts of all energies 
obtained from a point souree on the axis of the ervstal at 50 em. from the center 
of a + by 4 inch sodium iodide erystal is shown in Fig. 3.) The total counts per 
minute are plotted as a function of the gamma ray energy for a 1 we source, with 


the assumption that 1 gamma ray is emitted per disintegration. 
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Gamma-Ray Energy ( Mev) 
Fig. 3.—Gamma ray counting efficiency of 4 by 4 inch Nal(Tl) crystal as a function 
mma ray energy for a small source on the center axis, at 50 cm. from the center of the 
tal The counts per microcurie in 1 minute are given with the assumption that 1 gamma 
of a given energy is emitted per disintegration The data were obtained by extrapolating 
t rger distances the values calculated for a crystal 5 inches in diameter and 4 inches thick® 
ected to the crystal 4 inches in diameter 


The counting rate from a 1 pe Na®* source at 50 em. from the center of the 
ervstal ean be determined from Fig. 3. In 90 per cent of its disintegrations, 
\ emits a 1.28 mev. gamma ray which results in a counting rate of 
() $900 4.410 © p. m.* 

Photopeak efficiency: Gamma rays can be absorbed in the sodium iodide 
er stal by Compton interaction, pair production, or photoelectric effect. In the 

of either Compton interaction or pair production the resulting pulse will 
| less energy than that corresponding to the energy of the incident gamma 

A pulse corresponding to the energy of the primary gamma ray is ob- 
ed if the gamma ray is absorbed either by photoelectrie effect or by Compton 
action followed by absorption of the scattered secondary gamma ray. 

The probability of photoelectric absorption in the sodium iodide erystal 


(i veases with increasing gamma ray energy independent of the size of the 


tal. With erystals of inereasing dimensions, the chance of total gamma ray 


*In the present considerations, the additional counts at energies below 0.511 mev. (see 
i, Fig. 5) caused by the positron annihilation radiation can be disregarded. 
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absorption, by Compton effeet and subsequent absorption of the scattered 
radiation, increases for all gamma ray energies. For the 4+ by 4 inch Nal(T1) 
erystal the photopeak efficiency is close to 100 per cent for all gamma rays 
with energies below 250 Kev. (Fig. 4). For the high energy (1.28 mev.) 
gamma rays of Na**, only 44 per cent of the pulses appear in the photopeak area. 

The background count for the photopeak energy interval of the 1.28 meyv. 
gamma rays is about 40 ¢ p. m. By dealing only with the counts within the 
photopeak area, the counting rate caused by the 1.28 mev. gamma rays is reduced 
by a factor of 2.3, and the background counting rate is reduced by a factor of 25. 
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Fig. 4.—Fraction (per cent) of the total number of pulses that fall within the photo 
peak area, as a function of the energy of the incident gamma rays. Data are given for a 
broad parallel beam of gamma rays incident on the 4 by 4 inch Nal(Tl) crystal.® It is 
assumed that the same data hold for the gamma rays emitted from a small source at 50 cm 
from the center of the crystal. 
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: Fig. 5.—Gamma ray spectra from a small Na source and from a_ subject containi 
Na“. The 2 spectra are normalized at the 1.28 mev. gamma ray peak. The data we 
obtained with a 4 inch lead foil in front of the face of the Nal(Tl) crystal. Besides t 
photopeak of the 1.28 mev. gamma rays, another peak at 0.511 mev. is observed wh 
results from Na positron annihilation radiation. Comparing the 2 spectra, an increase 
scattered radiation from the large source is observed. 
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Counting of ertended sources: The counting efficieney for an extended 
souree such as the human body is less than that for a small source. The total 
counting rate for a 1 we Na** source was determined above as 4,410 ©. p.m. and 
the photopeak efficiency as 44 per cent for the 1.28 mev. Na** gamma rays. 
Therefore, 4,410 « 0.44 1,940 ¢ p.m. which should fall within the photopeak 
area per microeurie of Na**. Since 1 ne of Na** emits 2.0 « 10° gamma rays per 
minute, the aetual photopeak efficieney at 50 em. should be 1,940/2.0 « 10° = 0.001 
counts per gamma ray, or 0.1 per cent of the emitted gamma rays. By direct 
measurements with a small liquid Na*? souree, a value of O.11 per cent was 
observed. 


When an average-sized man lies in the position illustrated in Fig. 2, the 
observed photopeak countine efficiency of Na®* after equilibration in the body 
is 0.04 per cent, rather than O.11 per cent, for the following reasons. First, 
as shown in Fig. 2, the head and the lower extremities are practically excluded 
from the measurements. Second, there are absorption and seattering of the 
gamma rays in the body. In passing through 12 em. of tissue about 14 of the 
gamma rays undergo an interaction and are, therefore, lost from the photopeak 
area (Fig. 5). These effeets reduce the photopeak efficieney by about a factor 
of 3. as compared with counting a small Na** souree. 

Kight hundred counts per minute are obtained in the photopeak area from 
a subjeet retaining 1 ve of Na®*. Since the background counting rate within the 
|.28 mev. gamma ray photopeak area is 40 ©. p. m., 0.1 we Na®* still vields a net 
counting rate of twice background. This latter dose represents the lower limit 
that ean be counted with the present setup. 
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As the study proceeded, an increasing differ- 


ence was noted between Na** retention in the body, based on urine data and on 


counts oO 


(Fig. 6). 


f radioactivity in the body with the latter showing the lesser retention 
This difference reached 12.7 per cent of the lower value at the end of 
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the 38 days (26.6 per cent retention by urine data; 23.6 per cent retention by 
counts of radioactivity in the body), and was reflected by a 410 mEq. difference 
in the values for exchangeable sodium ealeulated by the 2 methods (3,590 mEq. 
by urine data; 3,180 mEq. by counts of radioactivity in the body) (Fig. 7). In 
other similar studies, values for exchangeable sodium, calculated from counts of 
radioactivity in the body, were also smaller than values caleulated from urine 
data. The latter beeame unreasonably high as the studies proceeded. 

When the 1 mEq. sodium diet was substituted for the subject’s normal diet, 
the exchangeable sodium ealeulated from counting data of radioactivity in the 
hody deereased from 3,040 mEq. on the last day of the normal diet to an average 
value of 2,880 mEq. (5.3 per cent deerease) (Fig. 7). The subsequent change 
to a high sodium intake resulted in an increase from 2,880 mEq. to an average 
value of 3,090 mEq. (7.3 per cent inerease). There were actually 2 phases 
evident in the change from the low to the high sodium intake. The exchangeable 
sodium inereased to a maximum of 3,180 mEq. at the end of the fourth day of 
high sodium intake and then decreased to an intermediate level. 

The observed half-times for urinary exeretion of Na** and for fall off of 
hody Na** aetivity and serum Na**? concentration were dependent upon the level 
of sodium intake. The greater the sodium intake, the shorter the half-times. 
Within each dietary period the half-times for serum coneentration and body 
Na? aetivity were the same, while the half-time for urinary exeretion was 
slightly longer. 


DISCUSSION 


For clinieal tracer studies, the flexible arrangement of the shielded gamma 
ray detector, which ean accommodate all kinds of patients with a minimum of 
discomfort and ineonvienience, has proved satistaetory. With this body radio- 


‘tivity counter it was possible to perform long-term studies of sodium metabo- 


sm aceurately. It proved to be more effective than the usual urine collection 

thod, beeause it aecounted for extrarenal as well as renal losses of Na**. 

ese extrarenal losses are usually small during any given day. Stool losses 
o! Na®* in another normal subject studied in this laboratory averaged 0.017 per 
it per day of the remaining Na** while the subject was on a very low sodium 
ake and 0.021 per cent per day during a high sodium intake period. Others 
“e reported stool losses of Na** which average 0.06 per cent per day of the Na** 
‘on normal and salt-restricted diets, and sweat losses of Na** of 0.1 per cent 
day on a salt-restricted diet.’ '' Since these small losses are eumulative, 
* become significant during prolonged studies; moreover, these extrarenal 
es may be inereased by intervening episodes of excess exereise, fever, or 
rrhea. Even if there were no extrarenal losses, the body radioactivity 
nting method would still be preferable, because it obviates the necessity for 
ittempt to obtain complete urine collections. 

In this and in other studies the half-times for urinary excretion of Na?? were 
itly prolonged as compared with the half-times for fall off of Na®* activity 
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in the body and Na** concentration in serum. Others have reported half-times 
for urinary excretion two- to fourfold those for Na** concentration in serum.* ' 
Such large differences were not observed in our studies. 

The error in daily counts of radioactivity in the body ean be estimated by 
an examination of the counts obtained during the period when the subject took 
only 1 mEq. of sedium per day (Fig. 8). The curve which represents Na* 
radioactivity in the body is relatively flat, and deviations of individual counts 
may be considered errors in counting. The maximum deviation from the assumed 
curve was less than 2.0 per cent. 

The accuracy of caleulated exchangeable sodium can be determined by re 
ferring also to the period of minimal sodium intake. After the initial drop in 
exchangeable sodium which followed the ehange from the normal to the 1 mEq. 
sodium diet, the exchangeable sodium should remain relatively constant. There- 
fore, variations from the average value (2,880 mEq.) for this period may be 
considered as errors in the calculated exchangeable sodium (Fig. 7). In no 
instance was the variation greater than 70 mEq. These variations represent a 
combination of inaccuracies in counts of radioactivity in the body and measure 
ments of Na** activity in serum and sodium concentration in serum. 

The limiting factor, which determines the length of the period in whieh the 
exchangeable sodium can be followed with the bedy radioactivity counter, is 
the absolute amount of Na** retained in the body. In the present. study, 
measurements of Na® aetivity in the body and serum specific activity were being 
made after 38 days, when the amount of Na** which remained was only 3. pe. 
The effeets of a specifie dietary or drug regime, or the effects of a surgical pro- 
cedure on exchangeable sodium in the bedy, therefore, can be followed con 
tinuously over prolonged periods of time with only an initial injection of a 
tracer dose of Na**, and without the necessity for continuous urine collections 

The changes in exchangeable scdium with varving sodium intakes seen in 
normal subjects will be discussed elsewhere.’ Similar studies are in progress 
on patients with eardiovascular and hepatie diseases. 


SUMMARY 


A sensitive external gamma ray counter is deseribed for clinieal trace 
studies of radioisotopes which do not concentrate specifically in any part of the 
human body. The detector is a 4 by 4 inch sodium iodide crystal, enelosed in 
a 5-ineh-thick steel shield. The background counting rate, gamma ray countin: 
efficiency, and photopeak efficiency of the body radioactivity counter are dis 
cussed, and values are given for the 1.28 mev. gamma rays of Na®’. 

In a long-term Na? study of a normal subject, the body radioactivit 
counter Measurements proved to be more accurate in following Na** retenti 
in the body than the standard method of measurement of Na** exeretion in urin 
in that they accounted for both renal and extrarenal losses. The exechangeab 
sodium eould be determined from the body radioactivity counter measuremen 
and serum specific activities at any time, with better than 3 per cent aeceurac 
The exchangeable sodium was found to vary with sodium intake. 
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LABORATORY METHODS 


AN EXPERIMENTAL STUDY OF THE USE OF ROMANOWSKY 
STAINS FOR ESTIMATING THE HEMOGLOBIN CONTENT 
OF RED CELLS 


K. W. KEOHANE, PH.D., ann W. K. Metrcaur, M.B., B.S. 


BRISTOL, ENGLAND 


HE Romanowsky stains are probably the commonest group of stains used 

in the study of hematology, and it has long been the custom for hematologists 
to estimate the hemoglobin content of cells of the erythroid series by the amount 
of eosin taken up by them. Some have even claimed that eosin staining of any 
of the blood cells indicates that they may contain hemoglebin.' The aim of the 
present work has been to investigate these matters by microspectroscopy and to 
see how far the claims are justified. The following points have been investi 
vated: (1) the staining properties of 2 different Romanowsky-type stains, (2 
the amount of agitation during staining, (3) the staining time, (4) the position 
of the slide in the stain, (5) the packing of the cells on the slide, (6) the thick 
ness and hemoglobin content of the cells, and (7) the validity of eosin staining 
as a guide to the hemoglobin eontent of blood eells. 


MATERIALS AND METHODS 


Human blood smears were stained with either Wright’s or MeNeill’s stain by thy 
various techniques to be described. D.P.X.* was used as a mountant, since it is not fluorescent 
in the near ultraviolet. 

The original absorption measurements were made on a microspectrograph with th 
use of a refracting microscope. The technique is deseribed in full elsewhere.2 Because of 
the inaccuracies inherent in any photographie method of measurement, and because of thi 
chromatic aberration of refracting microscopes, a photometrie system which incorporates 
Burch’ aspherized reflecting microscope was devised.4 

Lillie and Roe5 have carried out extensive studies of the Romanowsky stains and have 
shown that in such eosin azure stains both the eosin and the azure compounds have separately 
identifiable absorption bands in the green and red regions of the spectrum, respectively 


Staining merely adds the absorption of eosin (525 uw) to that of the Soret® band of hemo 


globin (415 w) (Fig. 1). Immersion in methyl alcohol (the fixative and stain solvent) is 

known to have no effect on the Soret absorption of hemoglobin.2.4 The light absorptio: 

of a specimen is given by Beer’s and Lambert’s laws: I [,10°*** or in a more useful forn 
log I, . : ; 

ked — ” where k a constant for the wavelength and compound under observatior 
og 
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concentration, d thickness, | the light intensity transmitted, and I, = the light 
utensity incident on the specimen. In words, the concentration times the thickness of the 
specimen, i.e., the absolute amount of absorbing material, is proportional to the logarithm 
of the absorption of light at an absorbing wave length. Hence the ratios of the logarithms 
of the absorptions at their absorption maxima will give the ratios of the amounts of eosin 


and hemoglobin present in that part of the cell under examination in the microspectropho 
tometer, 


RESULTS 


The earlier experiments were carried out with the photographie technique 
in which a refracting microscope is used, but it soon beeame obvious that the 
errors in the photographie technique were as great as the variation in the ratio 
log apnea — between cells on the same slide. It was also discovered 
log absorption 415 pu 
that this ratio depended very markedly on the wave length at which the micro- 
scope was focused. Thus for a given cell, with the microscope foeused in green 
light, the ratio was 0.6, but when the microscope was focused in violet light the 
same cell gave a ratio of 1.3. However, if the microscope is always foeused with 
monochromatic light of the same wavelength, the results are repeatable, although 
an absolute measure of the true absorption is obtainable only at the wavelength 


at whieh the microscope is focused. Thus, even a good apochromatice objective 
will not allow absolute absorption measurements to be made at widely different 
waveleneths. A full discussion of the problems involved is eiven elsewhere.’ 
The use of a Bureh aspherie reflecting microscope enabled this problem to be 
overcome, and a photoeleetrie technique markedly increased the repeatability 
{ the measurements. All subsequent experiments were earried out with this 
atter technique, and Fig. 1 is the sort of curve that it was possible to obtain 
rom a small area of an individual cell. 


A Comparison of Two Different Stains.—In this group of experiments hu- 
an blood smears were stained in an identical manner, with either MeNeill’s 
r Wright's stain. A measured quantity of stain was run on to the slide, and 
ter 1 minute an equal quantity of distilled water was thoroughly mixed with 
e stain. After a further 5 minutes, the stain was tipped off, and the slide 
is rinsed 3 times in distilled water before being allowed to dry. The absorp- 
m of randomly scleeted cells on each slide was measured at 525 » and 415 pn, 
d the ratios were ealeulated. This ratio for MeNeill’s stain worked out at 
8S + 0.08. 
+ O11. 


Similar measurements on slides stained with Wright’s stain gave 
Clearly, the type of stain is of major importance in governing the 
iount of eosin taken up by red cells. 

The Effect of Agitation.—In an attempt to improve the evenness of stain- 
» and the uniformity of uptake of eosin by red cells, blood films were stained 
various periods of time, and very thorough agitation of the stain over the 
face of the slide was maintained during the staining process. Cells on these 
les were then measured as deseribed and compared with cells from slides 
ined for identical periods of time, but with a more conventional degree of 
itation. Two things were observed. The expected reduction in the standard 
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deviation of the ratio from one cell to another was obtained, and the uptake 
of stain was slower. Thus for 5 minutes with MeNeill’s stain the ratio was 
1.28 + 0.02, as compared with 1.58 + 0.08. Similar results were obtained with 
other periods of time of staining. 
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Fig. 1 Absorption spectrum of a small area of an individual erythrocyte stained with Wright's 
stain which shows the eosin and Soret maxima. 
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Fig. 2 The effect of staining time on the eosin to hemoglobin ratio of stained human erythro 
cytes (MeNeill’s stain). 


Staining Times and the Uptake of Eosin.—The length of staining, obvious!) 
an important factor in the determination of the uptake of eosin, was invest! 
gated. Slides stained conventionally, and those stained with vigorous agitation 
were measured, and it was found that for the first 5 minutes the uptake o 
eosin was almost exactly logarithmic. The departure from this is less than thi 
standard deviation of the individual results. Fig. 2 shows the results eraphi 
cally. After 5 minutes, the seatter increased enormously, even in well-agitate: 
slides. This was probably caused by precipitation of the stain. 
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The Position of the Slide in the Stain.—The marked effect of agitation on 
staining raised 2 possibilities. Either the agitation prevented the settlement of 
the precipitate on the slide, or the eells were maintained in contact with fresh 
stain. Slides were, therefore, mounted vertically and stained in a deep bath 
of Wright's stain. Table I shows that the uptake of stain is considerably more 
rapid and reaches a plateau at a fairly constant level between 2 and 5 minutes, 
after which no further stain is taken up for at least 20 minutes. This suggests 
that the inereased but irregular staining, that occurs after 10 minutes with 
MeNeill’s stain, when the slides are mounted horizontally, is stain precipitation 
rather than true staining. It is difficult to understand why the depth of stain- 
ing should be greater when the slides are mounted vertically, but the method is, 
in any ease, of little practical value, as nuclear staining is not satisfactory with 
this technique. 


TABLE Il. THE UpTaAKE OF EOSIN BY RED CELLS STAINED WITH WRIGHT’S STAIN SHOWN 
CONVENTIONALLY, AND IN A DEEP BATH WITH THE SLIDE IN A VERTICAL POSITION 


HORIZONTAL STAINING VERTICAL STAINING 
TIME (MINUTES EOSIN : HB. (EOSIN : HB. 

\, 0.57 + 0.04 0.91 + 0.04 

l 0.71 + 0.03 1.47 + 0.04 

» 0.76 + 0.05 1.82 + 0.17 

a 0.90 + 0.11 2.27 £ 0.32 

10 21 2 0.10 2 00 + 0.05 

»() 1.26 + 0.08 2 OO + 0.09 


The Packing of the Cells—Smears made deliberately uneven so as to pro- 
duce crowded and Sparse areas were examined to see if there was any relation- 
ship between the packing of the cells and the uptake of stain. No such rela- 
tionship could be found. The variation in staining was much more dependent 

n the thoroughness of mixing and the degree of agitation. 

The Effect of Cell Thickness and Hemoglobin Concentration.—The log ab- 
rption is proportional both to the concentration of the absorbing compound 
nd to its thickness. As we did not measure the thickness of the smeared cells, 
ese 2 factors could not be separated. The combined variation over the cells 


log absorption 525 pu 


idied was large, but the ratio was quite independent 


log absorption 415 by 
this factor. This means that the redness of a cell is related to the amount 
hemoglobin looked through, and that it is impossible to differentiate between 
thin cell with a high coneentration and a thiek cell with a low hemoglobin 
neentration. 
CONCLUSIONS 
Our results show that eosin staining is a surprisingly reliable guide to the 
moglobin content of a red cell. MeNeill’s stain was found to be more reliable 
in Wright's, and, with the same stock solution of this stain and a earefully 
ndardized staining procedure, a repeatability of better than 5 per cent was 


tained. The following points are important in obtaining consistent results: 








490 KEOHANE AND METCALF } La arch, 1900 


1. The duration of staining should be accurately controlled and should not 
exceed 5 minutes. 

”. Mixing of the stain with distilled water should be thorough. 

3. The degree of agitation during staining should be standardized and 
should be considerable. 


We would like to thank Professor J. M. Yoffey for his encouragement and for the 


generous facilities he has provided. 
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ERRATUM 

In the article by Ludwig Kornel entitled “An Improved Rapid Method for Free and 
Conjugated 17-Hydroxycorticosteroids in Plasma,” vol. 54, p. 666, October, 1959, the secon 
line from the top should read, “values for the free 17-OHCS were found between 7.5 and 


21.0 wg per 100 ml.” 




















AN ENZYMATIC SPECTROPHOTOMETRIC METHOD FOR THE 
DETERMINATION OF PHENYLALANINE IN BLOOD 


Bert N. La Du, M.D., Pu.D., ANd Parricia J. Micuarnt, B.A. 
3ETHESDA, Mp. 


HERE is a need for a simple rapid method to measure phenylalanine in 
serum or plasma, not only as an aid in the diagnosis of phenylketonuria, but 
also in the evaluation of the effectiveness of a diet low in phenylalanine in the 
treatment of patients with this condition. The method most commonly used to 
measure phenylalanine in plasma is that of Udenfriend and Cooper,’ in which 
plasma is deproteinized and treated with Streptococcus faecalis to decarboxylate 
phenylalanine to phenylethylamine. The latter is then determined colorimet- 
rically after reaction with methyl orange. Although this method has been used 
suceessfully by many workers,?° it requires relatively large amounts of plasma 
and takes several hours to perform each set of analyses. Furthermore, extremely 
careful technique is necessary to avoid an appreciable and variable blank from 
methyl orange. 

Another method for the determination of serum phenylalanine is that of 
Berry,’ by paper chromatography. This method, although simple, has limitations 
i quantitative analysis inherent in any method which depends upon estimation 
of the intensity of colored spots on paper chromatograms. 
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A simple rapid method is deseribed whieh permits the analysis of plasma 
L-phenylalanine in 0.1 ml. of serum without deproteinization. The method uti- 
lizes L-amino acid oxidase from snake venom to oxidize L-phenylalanine to 
phenyvipyruvie acid. In the presence of arsenate and borate ions the resulting 
a-keto acid is rapidly converted to an enol-borate complex whieh has a high ab- 
sorption in ultraviolet light. Catalase is added to protect the a-keto acid from 
peroxide formed in the oxidative deamination by L-amino acid oxidase. 

Knol-borate complexes have been emploved by Knox and Pitt> to determine 
p-hydroxyphenylpyruvie acid oxidase activity in mammalian liver preparations. 
More recently these complexes have been used to measure the activity of several 
enzymes which either form or break down the aromatic a-keto acids related to 


phenylalanine, tvrosine, tryptophan, and histidine.” 


METHOD 
Re ade nits, 


1. Phosphate buffer: 0.2M sodium phosphate buffer, pH 6.5. 


2. Arsenate-phosphate buffer: 2.0M sodium arsenate was dissolved in the O.2M 
phosphate buffer, and the final pH was readjusted to 6.5 with dilute HCI. 

3. Borate-arsenate reagent: 1.0M_> borate, dissolved in 2.0M arsenate, pH 6.5, (61.8 
Gm. borie acid + 624 Gm. sodium arsenate |Na,HAsO,-7H.O]) was adjusted to pH 6.5 


with HCl and made up to 1 L. 

4. Snake venom L-amino acid oxidase (the venom of Crotalus adamanteus” ): a suspen 
sion of dried venom in water was made which contained 10 mg. per milliliter. This was cen 
trifuged, and the clear supernatant solution was removed and used, The enzyme solution 
is kept at 0 to 5° C. and remains active with little loss of activity for several days. The 
dry venom is stored in the refrigerator and maintains high enzyme activity for several 
months. 

The activity of the L-amino acid oxidase preparation can be assayed by using 0.1 mi. 
of the standard phenylalanine solution in place of serum in the directions given below. 

5. Catalase: crystalline beef liver catalase,t diluted 1:5 with 0.2M_> phosphate buffer, 
pH 6.5. The enzyme solution is kept at 0 to 5° C. and can be used for several weeks. 

6. Standard phenylalanine solution: L-phenylalanine, 1 #M_ per milliliter (0.1 ml, con 
tains 16.5 ug 

7. Blood serum: Blood is drawn and allowed to clot. Some samples of heparinized 


plasma develop turbidity during analysis which makes them unsuitable for this determination. 


Procedure. 
Three 1.2 ml. quartz Beckman cuvettes with a 1 em. light path are used for the 


determinations. The additions to each of the cuvettes are as follows: 


C, Fy E. 
PO, buffer, 0.2M, pH 6.5}: 0.39 O39 O50 
Arsenate-phosphate, pH 6.5: 0.5 
1M borate in 2M arsenate: _- 0.5 0.5 
Catalase, 1:5 dilution: 0.01 0.01 0.01 
Venom, 10 mg. per milliliter: 0.10 0.10 0.10 


(Serum added later.) 


The contents are mixed and the duplicate experimental cuvettes, E, and E,, are rea 
against the control cuvette, (,, at 308 mu, in the Beckman spectrophotometer.§ If the addi 

*From the Ross Allen teptile Institute, Silver Springs, Fla 

+From the Worthington Biochemical Corporation, Freehold, N. J. 

tif more than 0.1 ml. of serum is to be added, the volume of phosphate buffer must be 
reduced proportionately. 

$Model DU with ultraviolet attachment. 
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tions have been made correctly, this reading should be approximately zero. Then 0.1 mil. of 


serum is added to cuvettes C,, E,. and E., mixed, and readings are taken at | or 2 minute 


intervals for 10 minutes at 308 my, to be certain that the enzyme activity is adequate, and 
that the reaction is essentially complete, as indicated by finding no further change in the 


optical density reading. Final readings are made at 308, 330, and 350 me at this time. 
Calculations. 
Readings are taken at 330 and 350 mg, as well as at 30S ma, to correct for the ab 
> amino 


sorption of the keto acids derived from tyrosine and tryptophan, since the latter 
acids are also oxidized bry the venoth L-amino acid oxidase, The eorrection applied is based 
upon the relative absorption of the enol-borate complexes of these keto acids at 308, 330, 


and 350 muy: 


RELATIVE OPTICAL DENSITY READINGS AT 
DIFFERENT WAVELENGTHS ny 


KETO ACIDS Ot 308 330 350 
X tvrosine b 0.60X 0.06X 
Y phenylalanine \ O.10Y 0 
Z tryptophan O.85Z 1.41Z Z 
Let the reading at 30S mu A; 330 my B; 3850 my L 


Then: A X + Y + 0.85Z 
B 0.6X + O.1Y + 1.412 


"Ip O.06X + Z 
Solving these equations gives: 
x 2 38B 0.238 A 3. 166 ] 
Y ool 2.26B + 2.15C 2 
Z 1.19C O.14B + OO14A C 0.06X 
he absorption at SOS mg eaused by phenylpw1 ivie acid is viven by solving for Y in 
equation (° 
Y - ; 
0031 10 we phenylalanine per milliliter of serum (if 0.1 ml. of serum were 
analyzed). One microgram phenylalanine under these conditions of 1.1 ml., ete., at 
308 mu reads 0,031 O.D. units. 
By the same means, solving for X in equation (1) and dividing: 0.045 10 be 
rosine per milliliter of plasma (1 wg tyrosine under these conditions reads 0.045 at 308 
uw); and, similarly, using equation (3): 0.033 10 wg tryptophan per milliliter of 


erum (1 pg of tryptophan reads 0.033 at 350 mu 


RESULTS AND DISCUSSION 

Npecificity—The t-amino acid oxidase of snake venom catalyzes the oxida- 
ion of a number of amino acids. Ilowever, only 4+ of these are present in ap- 
reciable quantities in serum which vields a-keto acids with highly absorbing 
nol-borate complexes; these are phenylalanine, tyrosine, tryptophan, and _his- 
dine. Fortunately, histidine is not oxidized under the experimental conditions 
eseribed above, and the relative contribution of each of the other 3 amino aeids 
in easily be determined from the absorption of the combined complexes at 3 
fferent waveleneths. Therefore, this method permits the simultaneous deter- 
ination of phenylalanine, tyrosine, and tryptophan in serum. If the value of 
henvlalanine alone is desired, the correction for absorption eaused by the keto 
‘ids of tyrosine and tryptophan would appear to be a disadvantage of the 


iethod. This is partly compensated for by the commercial availability of the 
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enzyme, its stability, and its high activity. Furthermore, the ease with whieh 
both phenylalanine and tyrosine can be measured is of special interest in some 
studies on phenylketonuria ; for example, in the detection of the heterozygous 
carrier of this trait by the ratio between the levels of phenylalanine and tyro- 
sine in the blood after the administration of phenylalanine as a tolerance test. 

The wide range of substrates which can be used with this enzyme has made 
it possible to extend this method to measure a number of other aromatic amino 
acid analogues and antimetabolites, such as p-fluorophenylalanine, m-tyrosine, 
monolodotyrosine, mononitrotvrosine, and B-2-thienyvlalanine. These compounds 


are also rapidly oxidized by the L-amino acid oxidase of snake venom, and the 


resulting keto acid products can be measured as enol-borate complexes. 
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MICROGRAMS OF PHENYLALANINE 


Fig. 1.—Graph of the optical density at 308 my versus concentration of phenylalanine 
when determined in standard solutions and when added to normal plasma. The linearity 
between optical density and phenylalanine concentration is demonstrated. 


Reproducibility and Accuracy.—The method deseribed is well suited to 
measuring the elevated blood level of phenylalanine found in untreated pheny! 
ketonuric¢ individuals and to following the effectiveness of a diet low in phenylal 
anine in lowering the serum level in these individuals. The specificity of the 
absorption spectrum of the phenylpyruvie acid enol-borate complex and_ the 
ease and rapidity of the analysis permit a large number of determinations to 
he carried out within a short period of time. Fig. 1 demonstrates the linear 
relationship between phenylalanine coneentration and optical density change 
between 2 and 30 pg analyzed alone and the recovery of phenylalanine added to 
normal plasma in this range. These results are in agreement with the theo- 
retic values expected. Ilowever, the precision of the analytie method is lower 
in analyses of phenylalanine in normal serum than when the values are elevated 
as in serum of an individual with phenylketonuria. In normal serum the eon 
tributions of tyrosine and tryptophan to the reading at 308 mp are appreciable. 
Kven though duplicate pairs of analyses in a series of normal serum samples 
analyzed on successive days rarely disagreed by more than 7 per cent, large 
aliquots of serum would be desirable if the method were to be used to measure. 
with high aeeuracy, the endogenous phenylalanine, tyrosine, and tryptophan 
levels. Attempts to carry out the analyses directly on 0.2 or 0.3 ml. of serum 
have been only partly successful, since a turbidity often oecurs. For this reason, 
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several methods were tested to deproteinize the sample before analysis. 
Preliminary experiments have been made using perchlorie acid precipitation 
followed by neutralization and the removal of KC10,4, as described by Segal, 
Blair, and Wyngaarden,'! before enzymatie assay of blood pyruvate. This 
procedure for deproteinization appears to be satisfactory in eliminating the 
turbidity problem, and the solution which results can be used direetly in th 
enzymatic assay. 

Phenylalanine Levels in Normal and Phenylketonuric Individuals.—The 
serum phenylalanine levels of 30 adult blood bank donors in a nonfasting con- 
dition were found to have an average value of 1.55 mg. per cent (range, 0.84 
It is probable that the level in normal subjects in a fast- 
ing condition is somewhat lower than these values. 


to 2.64 mg. per cent). 
In a smaller number of 
analyses in laboratory workers in a fasting condition, the group average 
slightly lower than the above value. 


is 


The level of phenylalanine in a group of 10 phenylketonuric¢ individuals on 
a regular diet was found to have an average value of 36.8 me. per cent (range, 


26.2 to 59.1 mg. per cent). These values in normal and in phenylketonurie 


people are in good agreement with those in the literature® '*'! obtained by 
other methods. The wide difference in the levels of normal and phenylketonurie 
individuals makes the analysis of serum phenylalanine a valuable diagnostic 
procedure. 


SUMMARY 


A simple enzymatic spectrophotometrie method has been deseribed for the 


juantitative determination of phenylalanine in serum. The method is based 


ipon the measurement of the absorption of the enol-borate complex of pheny!- 
pyruvie acid generated enzymatically from phenylalanine by L-amino acid oxi- 
lase of snake venom. For elevated serum levels of phenylalanine the method 


s rapid, specifie, and precise. It should be useful as a confirmatory test in the 


liagnosis of suspected phenylketonuria and in the evaluation of the effectiveness 
f a diet low in phenylalanine. The values obtained by this method agree well 
ith those in the literature obtained by other techniques. Tyrosine and tryp- 
phan are also determined by this method, and a suitable modification of the 
ethod is described whieh should allow an accurate estimation of these amino 
‘ids and phenylalanine in normal serum. 
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ERRATUM 
It 


the article by Mary S. MeCall and Sue Keller, “An Abbreviated Method for Blood 
p. 150, January, 1960, in Table 
he column under “Standard Method, Equilibration Time” should read: 


30) minutes 


lL hour 

~ hours 

2 hours 

1 hour 
15 minutes 
15 minutes 
15 minutes 
15 minutes 
15 minutes. 








